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ABSTRACT 
The reliability of project estimates is dependent on a number of factors that can be 
classed as exogenous or endogenous to the estimator.  The exogenous factors comprise 
information, environment, technology, methods and processes, which are external to the 
estimator.  The endogenous factors reflect personal characteristics associated with the 
estimator and consist of aspects such as judgement, preferences and personality.  
Construction‟s effort to improve the estimating function has addressed both the practice 
of, and process of delivering the estimate.  Much of the effort, however, has been 
addressed at aspects of estimating that can be considered classed under exogenous 
factors.  This includes the use of technology to improve both the accuracy of computation 
and the speed for generating the estimate.  Notwithstanding progressive improvement 
achieved in estimating from addressing such exogenous factors, most project-oriented 
industries still suffer from unreliable estimates.  Although the problem of unreliable 
estimates is a worldwide phenomenon, it reflects more starkly in many developing 
economies, where its effect is much more striking.  Understanding the root causes of the 
persistence of unreliable estimates would therefore, call for a focus on factors other than 
the exogenous ones that most improvement and development efforts have focus on.   
 
The study, which formed the basis of this thesis adopts the position that any 
improvements in reliability, beyond what the exogenous-based developments have 
achieved so far, lies in the contribution that estimators can make by addressing their 
endogenous factors.  For that position to be valid, the study showed that the personality 
characteristics of various estimators produce different levels of reliability.  Three 
endogenous factors, experience, qualification, and personality archetype (or trait) were 
employed to explore the relationships with estimating reliability. 
 
A quantitative research approach was adopted for the investigation, as the nature of 
evidence required was primarily objective, to substantiate the argument that different 
levels of particular endogenous factors produce different reliabilities in estimating.  Data 
for the study was obtained from Ghana.  Two categories of sample data were collected 
through stratification of the population, followed by systematic sampling methods.  The 
two samples were a control group, comprising estimators with more than or equal to ten 
years experience; and an observed (or study group), made up of estimators with less than 
ten years experience.  An instrument based on a self-reporting protocol was developed 
and utilized in the elicitation of data from both groups.  Thirty-five responses were 
obtained for the control group of estimators, and sixty-one responses were received 
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through the workshops organised for the observed groups.  In addition, a designed 
exercise for the observed group was conducted simultaneously with the administration of 
the instrument to enable the classification of the estimating reliability for each respondent. 
 
The results of study showed that there was evidence to suggest a strong relationship 
between qualification and estimating reliability.  In addition, the findings from the study 
indicated no conclusive evidence that the more experience you gain, the more your 
estimating reliability improves.  The finding on experience indicates that the type of 
experience acquired must be relevant to estimating practice before it can influence 
reliability.  The outcome from the analysis of personality archetype and reliability showed 
a strong relationship between trait type and reliability.  The evidence suggests that an 
estimator‟s personality archetype has a significant influence on their estimating reliability.  
The finding on the effect of personality goes to explain why different estimators with the 
same or similar experience and qualification, exposed to the same set of information, 
deliver different levels of reliability in estimating.  This important finding of the relationship 
between estimating reliability and personality archetype could account for the “missing 
link” in the effort to improve estimating practice.  By incorporating the endogenous factor 
into the criteria for recruiting estimators, organisations will be able to gain a better level of 
reliability in the estimates produced by their staff. 
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CHAPTER ONE 
 
INTRODUCTION 
 
1.0 BACKGROUND 
The production of reliable estimates in the construction industry fulfils an essential role in 
the management of projects, and forms an important issue within the national economy.  
This is because the construction industry employs many people and therefore, has a 
significant impact on the macroeconomic stability of every country.  Equally, the 
construction industry is responsible for a large percentage of the Gross Domestic Product 
(GDP) and Fixed Capital Formation in every country (GFCF) (Turin, 1973; Edmonds, 
1979).  In many developing economies, the contribution by construction to the national 
economy exceeds 10% of GDP.  For example, the road sector alone accounted for 9% of 
the total GDP for Ghana (NTPG, 2005).  The level of GDP contribution by construction in 
many developing economies becomes even more significant when compared to 
equivalent contribution from the manufacturing, which ranks much less than that of 
construction.  The construction industry in such economies therefore, has a direct impact 
on the fiscal budget of the national government.  It is therefore, not surprising that many 
national governments tend to use the construction industry to regulate activity of their 
economies.  In periods of excessive economic growth, construction activities promoted by 
the public sector are reduced in order to dampen the level of activity within the national 
economy (Hillebrandt, 1985).  Equally, when economic activity is low, national 
governments tend to increase construction activities in order to boost the level of 
economic activity. 
 
Cost estimates for construction and physical projects form the basis of government 
planning and budgeting in any fiscal year.  For example, the Government of Ghana relies 
on the estimates produced by various Agencies in planning for roads programme as part 
of the effort in generating its fiscal budget.  In addition, development partners (donors) 
use the estimates as the basis of their own budgets for providing loans or grants to the 
Government of Ghana on specific developmental projects.  Therefore, the importance of 
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reliable cost estimates could not be overemphasised for effective management of the 
Government‟s fiscal budget and for achieving its set development targets and objectives.  
Several researchers such as Touran and Lopez (2006), Skitmore and Thomas (2002), 
Tas and Yaman (2005), Williams (2003), Wong and Hui (2006), and Edwards and Bowen 
(2005) concur on the role estimating plays in the planning and budgeting of any economy.  
The importance of the role of estimating demands that the output from their composition 
has to be reliable in order to make them credible.  In practice however, the required levels 
of reliability in many instances is not attained for construction projects (Afetornu et al., 
2009) 
 
The problem of a lack of reliable project cost estimate, especially in the construction 
industry, is a worldwide phenomenon.  The effects of such unreliability are normally a 
source of concern to many governments as they strive to achieve their planned 
development programmes (Davey, 2000).  In particular, where the outturn budget on 
construction projects exceed the initial budget, it is often common to attribute the cause of 
such overruns on the projects in a large measure to unreliable estimates (McCaffer and 
Bainbridge, 1978).  The presence of such cost overrun can lead to a disruption in the 
fiscal budget of many governments in developing countries.  In such a situation, it is 
common to find that funds from other sectors of the economy are „diverted‟ to make up 
the budget shortfall of the construction sector in order to realise the physical development 
objectives.  This is a typical scenario in the study environment, Ghana, where it is 
common to find several public sector funded projects abandoned halfway through the 
construction period.  Such abandoned projects are usually completed by „raiding‟ funds 
from other sectors of the economy (NTPG, 2005).  From the end-user perspective, the 
abandonment of public physical schemes deprives communities of the benefits and 
services a completed project would provide.  Equally, the policies and balanced 
programmes of national governments are compromised for the sector where funds are 
„raided‟ from to shore up the budget shortfall from construction.  The problem of reliable 
project budget is not unique to countries in developing economies such as Ghana alone, 
but shared widely by all countries.  By the same token, private sector executives that are 
served by the construction sector depend heavily on these estimates in making their own 
business decisions.  Cost estimates therefore, form a key element in the planning and 
management of the private sector initiated projects, and estimators expend considerable 
effort preparing the „right‟ estimates to support that decision. 
 
In Ghana, road construction projects are funded either locally by the central government, 
or through external support mainly form Donor Agencies (which are normally referred to 
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as Development Partners in Ghana), or the combination of the two.  The external support 
comes mainly in a form of loans or grants that are extended to the Government of Ghana.  
Development schemes that are funded by Donor Agencies require stringent accountability 
that has implications for the reliability of the estimates generated to support the case for a 
project.  The funding from the Donor Agencies is critical to economies such as Ghana for 
their development activity, so the production of the estimates have to be sufficiently 
reliable in order to avoid damaging the national credibility with the funding bodies. 
 
In Ghana, cost estimates for public sector construction projects are prepared based on 
the option of „first principles‟ estimating.  Such an approach normally involves 
considerable time and relies on personnel experienced in estimation to be able to produce 
a reliable project cost estimate.  The problem, however, is the limited number of 
estimators against the relatively high number of cost estimates prepared for projects 
annually to support development schemes in Ghana.  The load on each estimator is, 
therefore, very high and often implies working under time constraint and pressure.  
Different estimators respond to the work related conditions in their own way, resulting in 
diverse estimating outcomes.  Coping with such work pressure is often dealt with uniquely 
by different estimators, and could account for a significant contribution to their ability in 
producing reliable estimates.  As such, it could be argued that the production of reliable 
estimates could be influenced by personality of the estimators involved.  Understanding of 
the influence of estimator trait on their decision making orientations could provide an 
important link to achieving the reliability desired for project cost estimates. 
 
Although, many of the causes of unreliability for project cost estimates are well 
established, the persistence of budget overruns suggests an inadequacy of such factors 
alone, and/or how they are applied in establishing estimates.  Since most estimators are 
meticulous in their application of the „tools of their trade‟, the persistence of unreliability 
would appear to be more related to the adequacy of the established factors in accounting 
for the variability in and consequently the reliability of project cost estimates. 
 
Previous researchers and authors such as Walker et al. (2010), Greenwood et al. (2008), 
Hamza and Greenwood (2007), Afetornu and Edum-Fotwe (2005), Price and Newson 
(2003) and McCaffer and Edum-Fotwe (2003), who explored the nature of unreliable cost 
estimates for construction projects focussed predominately on factors that can be 
described as exogenous or external to the estimator.  Such an orientation to improving 
reliability for cost estimates appears to be based on an implied assumption that the 
estimator has no subjective influence on what comes out from the process.  While such 
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an external focus has achieved considerable improvements, the efforts made to 
overcome the influence of such exogenous factors have not eliminated the problem of 
unreliable estimates.  It would seem reasonable, therefore, to argue that other factors that 
are endogenous or internal to the estimator may hold the key to a more effective 
attainment of reliability for project estimates. 
 
 
1.1 RESEARCH QUESTIONS 
The argument that endogenous factors could hold the key for achieving improved 
estimating reliability to address current lapses in the production of cost estimates raises 
the following important research questions. 
 
i. What are the theories and practices of estimating that account for the relatively high 
levels of unreliable project cost estimates? 
ii. What are the estimating practices and constraints that inhibit the realization of 
reliability in project cost estimates in Ghana? 
iii. What are the internal factors that influence reliability and how are they measured? 
iv. Does the individual estimator‟s personality attributes have an influence on reliability of 
project cost estimates? 
v. Are there other estimator attributes that influence reliability of project estimates? 
 
An effective response to these questions would cover an examination of current practices 
in estimating as well as a demonstration of significant linkages between estimating 
reliability and estimator endogenous factors.  The five questions provided the basis of the 
aim of the study and the objectives pursued for the research that formed the basis of this 
thesis. 
 
 
1.2 RESEARCH AIM AND OBJECTIVES 
The aim of the research was to explore linkages between estimator endogenous factors 
and the reliability of project cost estimates in order to establish the nature and scale of 
relationship between the two variables.  The main aim of the research was achieved by 
pursuing the following objectives that respond more closely to the research questions. 
 23 
 
i. Conduct a comprehensive review of literature to establish the state-of-the-art in 
estimating theories and practices. 
ii. Accomplish a wide-ranging review of estimating practices for the study environment 
along with the constraints that attend to those practices. 
iii. Complete a thorough assessment of personality attributes along with the tools, 
systems and developments that have transpired in other fields of study, with the 
view to identifying appropriate methods and tools for addressing and evaluating the 
endogenous characteristics associated with key decision makers such as project 
cost estimators. 
iv. Establish whether acquired endogenous characteristics of estimators, using 
experience and qualification as proxies, have an influence on the reliability of 
project estimates. 
v. Investigate whether natural endogenous characteristics, which is reflected as 
personality archetypes, produces distinctive reliability attainments for different 
estimators. 
 
The effective completion of the above objectives provides a new channel for considering 
the improvement of reliability for project cost estimates in construction. 
 
1.3 THE RESEARCH METHODOLOGY 
To achieve the aims and objectives of the project, careful consideration was given to the 
activities in the research process.  The flow chart in Figure 1.1 shows the research 
process adopted for this study, and illustrates the series of iterations that attended an 
otherwise linear set of key tasks.   
 
The research process commenced with the identification of the research topic.  This was 
preceded by a preliminary review of previous works and suggested improvements in the 
primary subject area of the research in order to provide an initial focus for the study.  
Once the focus of the study had gained sufficient definition in the area of estimating 
reliability, attention shifted to a more thorough review of developments and progress on 
the subject of the thesis.  At this detailed review stage, a greater emphasis was placed on 
articles from journals, conference proceedings and internet searches, as these sources 
provide more recent developments that are cutting-edge in the subject area.   
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Figure 1.1: Flow Chart of the Research 
 
The know-how, theories, principles and lessons learned from the review were 
subsequently used in the design of the concept of the research; elicitation of data; 
analysis of data; and, application of the results from the research.  The principal research 
method adopted for the study was a quantitative approach to enable the establishment of 
systematic and potential quantifiable causation.  The implemented method relied on the 
development and utilisation of an appropriate personality assessment tool, as well as the 
deployment of a statistical package for analysis of data collected from the study.  The 
empirical phase of the study was supported by deskwork to identify relevant academic 
work that informed the investigative tools and procedures, as well as subsequent results 
from the analysis.  The data for the research were obtained from workshops organised for 
estimators within the road sector of the construction industry in Ghana.  The nature of the 
study called for the composition of a sample that would reflect similar conditions and work 
environment to enable the effective measurement of the phenomena of interest in the 
study.  The use of estimators from roads sector provided a set of uniform conditions and 
standards of work in order to ensure data consistency.  Such an approach minimised the 
influence of work regime and environment on reliability.  It also made it possible for any 
Identify and select research topic and method of study
Review of previous research and practices in the area of study
Research design
Data collection
Development and implementation of trait instrument
Data management and statistical analysis
Results and analysis
Implications and application of findings
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measured variability in reliability to be associated with estimator endogenous 
characteristics.  The essential data derived was in response to hypotheses that was 
proposed in order to explore influence of endogenous factors on estimating reliability. 
 
1.3.1 Hypotheses 
The influence of estimator endogenous factors on reliability was established by 
developing appropriate proxies to enable quantitative analysis of any data collected to be 
performed.  The proxies were employed in composing the principal research hypotheses.  
In total, three hypotheses were proposed to explore the separate influences of 
qualifications, experience and personality archetypes on reliability.  These were as 
follows: 
 
QUALIFICATION 
In one sense, qualification is a reflection of individual competency and proficiency to 
undertake a task.  The qualifications of estimators are standardised, and is expected to 
correlate positively with competency and proficiency.  Competency and proficiency are 
endogenous characteristics of the estimator.  The test of the influence of qualification on 
reliability was therefore, to provide evidence of causation for the defined endogenous 
influence on reliability.  Estimating practice in Ghana relies on a number of entry levels 
into a career or profession.  Those with Polytechnic qualification progress differently from 
those with University qualification.  The proposed hypothesis was to test if defined entry 
level qualifications reflected different measures of influence on estimating reliability.  To 
investigate this, the null hypothesis and the alternate hypothesis were formulated as 
follows: 
 
Null Hypothesis: “there is no systematic difference in reliability across various 
qualifications” and  
Alternative Hypothesis: “there is a systematic difference in reliability across various 
qualifications”. 
 
EXPERIENCE 
The quality and nature of experience gained over the same number of years varies from 
estimator to estimator.  This makes experience a personal and hence an endogenous 
factor to the estimator.  The hypothesis formulated to ascertain if experience gained by 
estimators influenced their reliability differently was as follows:   
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Null Hypothesis: “there is no systematic difference in reliability across various defined 
ranges of estimator experience”, and  
Alternative Hypothesis: “there is a systematic difference in reliability across various 
defined ranges of experience”. 
 
PERSONALITY ARCHETYPE 
While the two foregoing hypotheses address endogenous factors that are deemed as 
estimator-acquired, personality archetype, unique to each estimator, explores a factor that 
is considered natural to the estimator.  The proposed hypothesis investigated the 
relationship between the personality archetype of the estimator and their levels of 
reliability in estimating.   
 
Null Hypothesis: “there is no systematic difference in reliability across various personality 
traits” and 
Alternative Hypothesis: “there is a systematic difference in reliability across various 
personality traits”. 
 
The three hypotheses are covered in much more detail subsequently in the relevant 
section within the thesis. 
 
 
1.4 DATA SOURCE AND ANALYSIS 
The data for the research were obtained from the road sector of Ghana.  An instrument 
developed in the form of a self reporting questionnaire was used in collecting the key data 
for the research.  Two sets of data were collected through a series of workshops that was 
organised solely for the purpose of the data gathering exercise.  The first set of data was 
responses to the questionnaire instrument and the second set of data was cost estimates 
produced by the respondent estimators as part of an experiment to establish individual 
attainment of reliability.  The analyses performed on the data employed a designed 
personality assessment tool structured appropriately to address the work circumstances 
of the estimators and supported by statistical analyses.  The instrument adopted the 
classification of the „Big Five‟ personality tool, which categorises individual personality trait 
as one of Extraversion, Agreeableness, Openness, Neuroticism, or Conscientiousness.  
The „Big Five‟ classification also recognises that an individual trait could reflect a mix of 
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varying degrees of the categories, and thus, making each personality unique in a way.  
The tool adopts the dominant trait reflected by an individual as their natural trait.  As such, 
an Extraversion estimator could also have a recessive element of Openness and/or 
Neuroticism. 
 
 
1.5 KEY FINDINGS 
Estimating practice in Ghana generally reflects a rule-of-thumb approach and 
consequently suffers from a lack of consistency in reliability. 
 
The research established that within the limitations of the data collected, there is evidence 
of endogenous factors influencing the level of reliability achieved by estimators.  The 
findings also indicate that in making the transition from inexperienced to experienced 
estimator, significant trait changes take place in the personality measures of Extraversion 
and Agreeableness, while that of Openness and Neuroticism only showed a marginal 
change.  Most notable in the results was that Conscientiousness reflected an insignificant 
change, which appears to suggest that the Conscientiousness trait is a natural attribute 
that characterises estimators. 
 
The findings suggest a strong relationship between qualification and reliability while and 
that there is no conclusive evidence that the more years of experience an estimator gains 
the more reliable their estimate becomes. 
 
Furthermore, the findings confirm the possibility of a strong evidence of estimator 
personality archetype influencing their estimating reliability.  This particular finding goes to 
explain why different estimators with similar years of experience and qualification, 
exposed to same set of information, deliver different levels of reliability of cost estimates.  
The existence of such a strong link equally accounts for the inadequacy of only 
exogenous factors in overcoming the lack of estimating reliability.  This important finding 
therefore, is the “missing link” for improving estimating practice in construction. 
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1.5.1 Practical Use of Findings from the Research 
The findings from the research have established that the personality trait of individual 
estimators has a significant influence on the reliability of the project cost estimates that 
they prepare.  The findings can be useful to construction project practitioners and 
government officials who are responsible for the realisation of reliable project cost 
estimates.  The practical implications of these findings are as follows. 
 
i. The study has established that estimating practice can be improved significantly 
beyond current levels of attainment in reliability by addressing estimator 
endogenous factors. 
ii. A different type of training would be required to augment the level of reliability 
attainment for estimators, which is currently oriented towards addressing 
predominantly exogenous factors.  This may call for a different form of career 
development programme that incorporates factors such as personality archetypes. 
iii. The relatively weaker relationship between estimator experience and estimating 
reliability necessitates the introduction of periodic evaluation of estimators in the 
form of a “fit to practice” assessment for each estimator, at say every five (5) years 
during the progress of their career. 
iv. In view of the high workload on estimators, the public sector may consider it 
appropriate to train more estimators through increasing tertiary institution provision 
for academic and training programmes that offer estimating.  Such a measure 
would help to redress over the long term, the current situation whereby the 
pressure on estimators does not facilitate the acquisition of relevant experience.  
However, consideration should be given to the financial demands and constraints 
that such additional provision could imply for the public sector, as well as the 
individual estimator prior to commencing any such trainings scheme. 
 
 
1.6 THESIS STRUTURE AND CONTENTS 
The thesis is divided into ten chapters as illustrated by Figure 1.2, which presents a 
schematic for the layout of the thesis.  The content of each of the chapters is outlined in 
brief within the subsequent parts of this section. 
 
 
 29 
 
Figure 1.2: Thesis Layout 
 
Chapter One forms the summary of the whole research.  It commences with the 
background of the research by identifying the problem that necessitated the research 
study.  The chapter highlights the problems that exist in estimating practice in the 
developed and developing economies.  The chapter also presents the research aim and 
objectives, the process for executing the research, as well as the adopted methodology.  
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Discussion
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Conclusions and 
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The key findings from the study and their significance are discussed, along with a brief 
consideration of the practical implications and potential use to which the results of this 
study by construction practitioners and the government. 
 
Chapter Two reviews the estimating function and practice, and how practices in 
estimating affect reliability of project cost in construction.  It begins with a look at the 
definitions and concepts associated with estimating functions as well as the role of 
estimator in the delivery of construction projects.  The chapter also presents who an 
estimator is, the qualifications required to become an estimator, career development for 
the estimator, and reliability attainments at different career stages of an estimator.  The 
chapter also covers the generic factors that influence reliability of cost estimates.  These 
factors have been categorised as internal or endogenous, and external or exogenous to 
the estimator involved in generating the project cost.  The chapter additionally addresses 
the exogenous factors and makes the argument that when factored out, the remaining 
influence that affects reliability is the decision-making orientation of the estimator.  The 
review demonstrated a lack of research effort on how endogenous factors that relate to 
personality characteristics of the individual estimators contribute to the reliability of project 
cost estimates. 
 
Chapter Three explores the estimating practices in the study environment - the Ghanaian 
construction context.  The chapter starts by providing an overview of the various 
institutions and economic drivers that influence estimating practice in Ghana.  It explores 
the factors that affect reliability of project cost estimates in developing economies and 
more specifically, Ghana.  The first part of the chapter focuses on the construction sector 
in Ghana with particular reference to the road sector.  The chapter also discusses the 
procedures adopted in the preparation of cost estimates in both the private sector and the 
public sector from the perspective of the Ghanaian construction sector.  It also explores 
the working conditions and other exogenous factors that characterise estimating practice 
in Ghana.  The chapter concludes with a demonstration of the absence of any focus on 
the behavioural characteristics of estimators in decision making in Ghana. 
 
Chapter Four concentrates on the behavioural characteristics of estimators.  It 
commences by considering the historical developments in behaviour characteristics, 
which is a part of the discipline of psychology, and examines the measurement of 
personality traits of individuals.  The chapter also presents and discusses different types 
of psychometric testing instruments available for assessing personality characteristics as 
regards their alignment to the measurement of estimator trait.  The chapter concludes by 
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establishing the argument that the reliability of cost estimates is largely dependent on the 
behaviour characteristics of the individual estimator as it relates to their decision-making 
orientation. 
 
Chapter Five examines the historical and current developments in research methods 
within the construction research fraternity.  It opens by assessing relevant literature on the 
methodological theories and perspectives of previous studies in the area of study and 
how these theories was applied in formulating the research concept.  It also presents the 
research methods available and in common use within the construction fraternity, and the 
reasons of selecting a quantitative method.  The chapter identifies that the individual 
estimator experience and personality traits as positive or negative and argues that, in both 
cases, the influence on the reliability of project cost estimate is significant.  The chapter 
also discusses the development and characteristics of the data elicitation instrument used 
in the research and its relevance to the study. 
 
Chapter Six reports on the different forms of data elicitation and justifies use of a 
structured questionnaire approach.  The chapter also reflects on the different techniques 
of sampling from a population and the advantages and disadvantages of each technique, 
and explains the purpose of the use of a stratified sampling technique followed by 
systematic sampling adopted for the research study.  A fuller detail of the three 
hypothesis tested in the study is provided, as well as the criteria for accepting the 
outcome of each test. 
 
Chapter Seven describes the source of data for the research and covers the procedure 
that was adopted in the elicitation of data and how the risks identified in the process were 
mitigated.  The chapter also presents the data collected for the research, its 
characteristics and management.  In particular, basis of the case for treatment of data on 
cost estimates that were transformed to z-score in order to view the relative differences.  
The chapter explains the results from the bivariate analysis performed on the trait 
variables to explore degree of co-linearity.  It also presents a descriptive analysis of the 
data collected for the whole study.  Additionally, the outcome of the analysis conducted 
with the developed personality instrument for establish dominant trait leanings among the 
individual estimators is provided.  The chapter ends with the analysis of the three (3) 
principal hypotheses that were tested with ANOVA to ascertain the influence of 
qualification, experience and personality archetypes on reliability. 
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Chapter Eight presents the results of the analysis, which is provided in two fold.  First, 
the results from the personality testing along with supporting charts are considered.  The 
chapter secondly delves into the results from the ANOVA. 
 
The results from the analysis are discussed in much more detail in relation to their 
importance for improving estimating reliability in Chapter Nine. 
 
Chapter Ten presents the conclusions and recommendations of the research.  The 
chapter commence with a re-cap of the research questions and the aims and objectives of 
the research.  The chapter also covers the main accomplishment of the research study.  A 
number of recommendations based on the findings from the research are proposed for 
the realisation of reliable project cost estimates.  This is followed by the limitations of the 
findings from the study and suggestions for further research. 
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CHAPTER 2 
 
THE ESTIMATING FUNCTION AND THE ESTIMATOR 
 
2.0 OVERVIEW 
This chapter presents a review of the estimating function and reliability of project cost 
estimates.  It commences by looking at various concepts and definitions associated with 
the estimating function and in particular, the role of the estimator in achieving reliable 
estimates.  More specifically, the chapter explores who an estimator is, the qualifications 
required to become an estimator, the career development of the estimator, levels of 
reliability associated with different stages of the estimator‟s career progressions, and the 
relationship between the general competency of an estimator and their attainment of 
estimating reliability.  The chapter also covers a review of the generic factors that 
influence reliability of project cost estimates.  These factors have been categorised as 
internal (endogenous) or external (exogenous) to the individual(s) involved in the 
estimating exercise. 
 
 
2.1 DEFINITIONS AND CONCEPTS OF ESTIMATING 
CIOB (1997) defined cost estimation as the technical process of predicting cost of 
construction.  A reliable estimate is the most essential part to the success of any project 
and ensures that final cost at the completion of the project compares favourably with the 
initial budget at the start of the project (Arditi and Patel, 1989).  Achieving such reliability 
in estimating enables the client to forecast its cash flow during the implementation of the 
project (Kaming et al., 1997).  Unreliable cost estimates on projects often lead to budget 
shortfalls and cost overruns during the implementation stage (Colmer et al., 1999).  In 
some instances, it results in the abandonment of projects because of such overruns.  The 
adverse effect of such abandonment on the immediate communities and other 
stakeholders could not be over-emphasised.  For example, the socio-economic impacts of 
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unreliable estimates can be adverse consequences such as financial difficulty that affects 
the immediate project parties, as well as other secondary stakeholders of the project 
(Afetornu and Edum-Fotwe, 2005). 
 
According to McCaffer and Edum-Fotwe (2005), major clients are increasingly demanding 
more cost certainty, in other words reliability of the estimates that determine the cost, for 
construction projects.  One way of addressing the demand for reliability is by the use 
project contingency, to cater for any anticipated overspend in order to achieve zero cost 
growth.  In the past, the basis of establishing contingency amounts on projects has been 
by rule-of-thumb (McCaffer, 1976).  Although there has been awareness of the effects of 
unreliable estimates on construction project for some time, the solutions available for 
handling its causes, especially in predicting cost into the future, have not altered much 
over the years.  Several commentators have argued that the current situation on the 
prediction or estimation of project costs is unsatisfactory, and need to embrace other 
contemporary solutions from fields outside construction (Tah et al., 1993; Morris and 
Hough, 1989; Franks, 1998; Ibbs, 1984; Gray and Hughes, 2001; Burke, 2003; Levy, 
2002; Touran, 2003).  As the estimator is the key professional involved in establishing the 
cost of the project and its associated contingency it becomes essential to explore their 
role in looking for options to improve estimating reliability.  More specifically, there is a 
need to understand who the estimator is, and how their role and contribution can facilitate 
the production of more reliable cost estimates. 
 
 
2.1.1 The Estimator 
Estimators are professionals in the occupation of pricing new projects and addressing 
cost related issues in the construction industry.  As professions, they are largely creatures 
of public demand.  Chalkley (1990) argued that the continuing recourse to professionals 
by the public is what keeps professions in existence.  Professionals are required to fulfil 
the expectations of the public in terms of professionalism, competence, and willingness to 
serve (Chalkley, 1990).  The current economic situation seems to have posed many 
challenges to the professions and more specifically to cost estimators associated with 
construction projects.  Allegations, such as poor service quality, irresponsible servicing 
attitude, professional negligence and denial of fault among others, are increasingly, made 
against cost estimating professionals (GhIS, 2007).  Within construction, such 
accusations are epitomised by expressions such as „if the project is financially successful, 
 35 
estimating was very good; if the project is a financial failure, site management poor‟.  This 
gives the notion that estimators are above blame (GhIS, 2007). 
 
In recent times, there has been a growing public expectation of „value for money‟ that has 
increased the demand on the estimating professional to be more reliable in the output of 
their work.  This is because the actions and inactions of estimating professionals in their 
work can have a significant effect on the outcome presented in an estimate.  Equally, in 
estimating, construction professionals are required to understand the expectations of the 
public.  Continued public (customer) satisfaction therefore, becomes one of the important 
ethical demands placed on estimating professionals, and therefore, the pre-requisite to 
improving the quality of service delivered by the practitioners of the profession (GhIS, 
2007). 
 
According to Naylor et al. (1980) such ethical demands call for a perception of one‟s self-
role, of the roles of others, of one‟s behaviour, and of the direct and indirect outcomes of 
one‟s behaviour in fulfilling their profession.  Fan et al. (2001a) explored the ethical 
behaviour of professionals in the construction industry and concluded that quantity 
surveyors (a dominant group making up the estimating profession) face ethical dilemmas.  
In particular, they argued that quantity surveyors in different reference groups have 
diverse and important ethical factors influencing their decision-making.  The study by Fan 
et al. (2001a) supports an assertion that significant deviations exist in ethical perception 
between young and old quantity surveyors.  Although the analytical tools deployed by Fan 
et al. (2001a; 2001b) reflect a rather simplistic and rudimentary, their findings are 
noteworthy.  In particular, their study indicates that different subgroups of professional 
estimators may have significantly different ethical perceptions.  Their ethical perceptions 
may have an effect on the individual estimator‟s decision-making orientations when 
preparing cost estimates for projects. 
 
The estimator is a person who does the work of predicting the cost of a future event.  
Estimators are people with academic qualifications in estimating related programmes, 
such as construction economics, cost engineering, commercial management, quantity 
surveying, construction engineering, civil engineering, building engineering, building 
technology, construction technology, and construction estimating.  These programmes 
are offered in Polytechnics, Universities and other tertiary institutions.  The level of 
educational attainment by the estimator often determines the entry point for their career 
and sometimes the route that the estimator progresses through in their career 
development.  In Ghana, estimators are mostly quantity surveyors who are a group of 
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professionals that studied estimating related subjects in any of the country‟s tertiary 
institutions.  The starting grade of a quantity surveyor in Ghana is dependent on the level 
of educational qualifications attained.  Typically, it would range from Technical Officer, to 
Chief Technical Officer for Polytechnic qualifications, and Assistant Quantity Surveyor, to 
Chief Quantity Surveyor for university qualifications.  These grades are in accordance 
with the Civil Service Law in Ghana (GCSGA, 2001).  The qualifications to become a 
quantity surveyor in Ghana are similar to other economies in the British Commonwealth of 
Nations (CASLE, 2000). 
 
Notably, engineers and other professions who studied estimating related subjects as part 
of their academic programme also provide estimating services in Ghana.  However, the 
quantity surveyors are the dominant group of estimators in the country (The Quantity 
Surveyor, 2010).  This is attributed to the educational structure whereby the estimating 
subjects are mostly taught as part of the quantity surveying profession in higher 
education.  Estimating as part of the engineering curriculum transpires only in pre-
university tertiary programmes. 
 
Typically, estimators gain experience through their day-to-day activities as they progress 
in their career, and their level of experience determines the nature of responsibility they 
discharge.  Other means for gaining experience include on-the-job training.  In both 
cases, what determines the level of experience gained would be the project opportunities 
to which the individual estimator is exposed.  As such, the experience gained over the 
same number of years will vary from estimator to estimator.  In estimating, a significant 
proportion of the decisions made are influenced by the estimator‟s judgement, which 
draws on the experience of the individual estimator.  Since educational attainment 
determines their exposure to, and nature of opportunities, an estimator‟s qualification can 
also influence their decision-making.  It can be argued therefore, that the level of reliability 
in the decisions that the estimator makes is influenced, as demonstrated in the above 
discussion, by their experience and qualification.   
 
 
2.2 PREVIOUS RESEARCH WORK 
Several previous research studies have contributed towards achieving quality estimates 
on construction projects.  These include Davey (2000), Fine (1974), Hackway and 
Humphrey (1992) and Mei-Yung et al. (2005).  Davey (2000) established that cost 
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overruns often represented symptoms of inadequate planning and budgeting for projects, 
which in turn is a derivative of the reliability of costing data employed for estimating the 
project budget.  Mei-Yung et al. (2005) associated stress experienced by estimators with 
a significant impact on the decision that estimators make.  Mei-Yung et al. (2005) also 
identified critical stressors as excessive workload, role conflict, job ambiguity, and work 
environment among others.  Notwithstanding these progressive achievements, situations 
such as unreliable estimates manifested as cost overrun remain on most construction 
projects (Afetornu et al. (2006).  In Ghana, it is not uncommon to find projects that overrun 
their initial budget by between 50% to as much as 500% in some cases (MRH, 2010).  
For example, in the road sector the budget-overrun situation has on several occasions, 
led to the abandonment of public sector initiated projects mid-stream (MRH, 2010).  This 
often distorts the development programme of the central Government, who is the major 
client (accounting for about 98% of all road projects in Ghana) and consequently 
produces an adverse performance for the whole economy (NTPG, 2005). 
 
According to Davey (2000), cost overruns often represent symptoms of inadequate 
planning and budgeting for the projects, which in turn could be a consequence of 
reliability of costing data employed for estimating project budget.  The quality of data 
employed for estimating presents an exogenous contributory factor to the reliability of the 
estimate.  An unreliable project estimate is often a major contributory factor to exceeding 
the planned budget. 
 
In Ghana and many developing economies, the funding of road sector projects is by either 
the central government or external donor agencies.  The funding stakeholders depend on 
the reliability of the project estimates to plan their own internal funding allocation for the 
project they support.  When estimates are unreliable, their budgets can become distorted, 
and cause them considerable difficulty.  The importance of achieving acceptable levels of 
reliability to maintain national credibility with the donor agencies as well as other funding 
bodies is of paramount consideration the government of Ghana (MRH, 2010).  However, 
similar considerations exist for all national governments, as any overrun tends to cause 
both political and economic embarrassment.  The problem associated with the 
inadequacy in estimates and the concomitant budget overruns on projects is a worldwide 
occurrence.  For example, the development of the infrastructure and facilities for the 
London 2012 Olympic Games experienced a quadrupling of its initially proposed budget 
(Rosenhead, 2007).  The development of the Palaces of Hollyrood in Edinburgh created 
considerable controversy with its budget growth of over 800% (Fraser, 2004).  While there 
are many factors that contributed to the extraordinary budget overrun for the Hollyrood 
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project, it provides a classic case of the difficulty that attends estimating for projects of 
that scale and complexity.  Equally, it illustrates the argument that the phenomenon of 
budget overrun is not unique to developing economies.  The relevance of the non-
uniqueness of project budget overrun, imply that solutions found in advanced economies 
can be adapted to address that of a developing economy. 
 
The foregoing review of previous research work in the area of estimating and the 
developments that have transpired to influence its improvement over time can be 
categorised into two perspectives.  These are improvements in the quality of 
information to support estimators, and improvements in the processing of the estimate 
(Shashn and Al-Khald, 1992).  The former often draws on factors that address the 
judgement of the estimator, and the latter by the speed and accuracy in the computation 
of the estimate.  Both categories of improvement qualify as exogenous attributes of 
development as they focus on elements out with the estimator.  The next section of this 
chapter explores some of the notable traditions, practices and contributions aimed at 
estimating processing and quality of information.  It covers the generic estimating 
process, techniques, tools, procurement types and the time significance of information for 
estimating.   
 
 
2.2.1 Process and Methods 
Cost estimating by contractors in construction often involves pricing Bills of Quantities 
(BOQ) prepared from standard methods of measurements.  In Ghana, and most 
developing economies, it is common to find the practice whereby estimators provide the 
pricing of the BOQ on a consulting basis to contractors who usually do not have the 
expertise in-house.  In such situations, the estimator would have little knowledge or 
experience regarding the policy and practices of the company to which they are providing 
the pricing service.  The consultancy approach to generating project estimates presents 
the first source of unreliability for project costs in Ghana. 
 
Hegazy and Moselhi (1995) argued that generally, contractors devise their own methods 
of estimating which in many cases reflect inaccurate and unstructured practices.  
According to Hegazy and Moselhi (1995), these methods are dictated by the quality of 
software the estimator uses, and are based solely on the experience of individual 
contractors.  As far back as the mid 1970s, Fine (1974) argued that it is the finished 
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product rather than the process that dictates tender prices.  The process involves the key 
steps as well as the key staff who contribute to the delivery of the product.  Through 
research, the key steps have received a high degree of definition.  The level of influence 
that key staff have on the contractor price reliability, is however, not addressed in any of 
the previous studies nor in any improvement effort aimed at estimating.  While some 
attention has been devoted to improving the method and process of achieving reliability in 
cost estimating, no significant consideration has been directed at the behavioural 
characteristics and decision-making orientations of the individual estimators (Afetornu and 
et al., 2009).  As such, the effect of the personal characteristics and attitudes of the 
estimator on the reliability of the project cost estimate is still unknown regarding the 
extent, if any, of the influence that might exist.  The establishment of the influence of 
these estimator endogenous factors on the reliability of project cost could potentially open 
a significant avenue for improvement in the delivery of project cost estimating. 
 
In the UK, The Code of Estimating Practice issued by Chartered Institute of Building 
(CIOB) documents all the estimating functions (CIOB, 1997).  The Code details activities 
and procedures required to achieve a comprehensive composition of an estimate as it 
reflects in the UK.  By contrast, there is no guide to follow by contractors in Ghana and 
most developing economies (GhIS, 2009).  Estimating practice in these countries 
therefore, relies heavily on the experience of the estimator complemented by the 
conventions and approaches by institutions in the public sector that procure construction 
projects.  The number of experienced estimators per head of population is rather low in 
these countries (CASLE, 2000).  The relative low numbers is a situation that makes the 
role of the estimator very important, and therefore, elevates the question of the reliability 
for project estimates quite substantially. 
 
Some of the process improvement efforts include the work of Horner and Zakieh (1993, 
1995).  Both of these studies proposed and advanced the notion of identifying cost 
significant items as the basis for estimating to minimise pricing of bulk items in the Bills of 
Quantities.  The potential setback of such an approach lies in a Bill of Quantities with a 
substantial non-significant work items.  Elcin and Hakan (2005) equally investigated the a 
cost estimating model by relying on significant work packages using the 80-20 rule 
established in the Pareto principle which posits that eighty percent (80%) of the effect is 
caused by twenty percent (20%) of the causes.  Using this Pareto principle, Elcin and 
Hakan (2005) applied the concept to a construction project to establish that 20% of the 
work items in the Bills of Quantities contributed 80% of the total construction project cost.  
While such methods are useful for estimating project costs and budgets, their relevance is 
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seen more from their application to the pre-feasibility, feasibility, and concept design 
phases of the project.  This is because at the project planning stage, which includes the 
three phases, issues relating to major structural systems, material selection, and methods 
of construction are made.  However, there would not be sufficient detail to enable a more 
reliable forecast of the project out-turn cost or budget.  As such, the cost of construction is 
determined at this stage by conceptual or approximate estimating methods.  Kouskoulas 
and Koehn (1974) identified that the conceptual estimation can also be employed to 
develop contingency plan, financial plan, risk management plan, and establish best 
construction methods.  In many advanced economies, contractors mostly apply the 
conceptual method for their cost estimation.  The reliability of the outcome from the 
estimating exercise depends heavily on the practical knowledge of the estimator in the 
work for which the cost estimate is being prepared (Akintoye and Fitzgerald 2000; Carr, 
1989).  The use of this method therefore, demands adequate numbers and calibre of 
estimators with experience in the field of estimating to achieve a good level of reliability.  
In a developing economy context, particularly where there are a limited number of 
experienced estimators, such an approach at achieving reliability presents major practical 
difficulties and an economic challenge.  Furthermore, there is an implied assumption that 
different estimators with equal levels of experience will generate the same estimate given 
the same information and resources. 
 
Hackway and Humphrey (1992) identified imperfection in estimating methods, estimating 
errors, and oversights as some of the causes of unreliability in project cost estimating.  
While the computerisation of the manual aspects in the mid and late 1980s helped to 
minimise computational errors, it did not overcome other human judgement based errors 
such as adopting the wrong detail or specification.  Hackway and Humphrey (1992) 
further argued that estimators should specialise in specific methods for which they can 
develop adequate knowledge and dexterity.  While such a solution would help to 
overcome some of the technical knowledge constraints associated with particular 
projects, it would involve a higher level of overhead to cover all the areas of specialisation 
in which a company may have to operate.  Moreover, the problem of estimating errors 
and oversights could also be attributed to the limited time available for cost estimating.  In 
some cases, estimators are not able to achieve their desired level of diligence in their 
work due to such time constraints, and thus, causing unreliability in cost estimating 
(Hackway and Humphrey (1992).  The impact of the individual estimator on the reliability 
of the cost estimates in all these circumstances is high.  Understanding the behaviour 
characteristics of the individual estimator in decision-making could be of paramount 
importance in addressing such inaccuracies in cost estimates on construction projects, 
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and thereby pave a way for the improvement of reliability for project estimates in 
construction. 
 
 
2.2.2 Estimating from Standard Systems 
Uman (1990), investigated the use of standard systems in developing project cost and 
indicated that several difficulties attended estimates developed from standard systems in 
the construction industry.  Some of the difficulties were attributed to the diversity in the 
methods, and circumstances of suppliers, contractors and workforce that have to be 
addressed in estimating.  Prior to the work of Uman (1990) in developing cost estimates 
from standard systems, Beeston (1983) had proposed the use of several methods for 
deriving each estimate with the contractor maintaining records of each of the methods 
and their associated outcome.  According to Beeston (1983), the use of multiple options 
would allow the contractors to select the best method or a combination of different 
methods to achieve a high degree of reliability in their estimate.  Shashn and Al-Khald 
(1992) supported the position on the use of multiple methods and argued that the 
contractor‟s previous experience on the type of project, irrespective of the size of the 
project as the main factor that affected the reliability of cost estimation.  Shash and Al-
Khald (1992) categorised factors that affected the reliability of cost estimating as other 
contextual factors including bidding situations, financial issues, project characteristics and 
the process used in deriving the cost estimate.  The works of Shash and Al-Khald (1992); 
Beeston (1983) as well as that of the other investigators concentrated on the physical 
factors that influence reliability of cost estimates.  These physical factors typically 
reflected the external circumstances in which the estimator is placed and hence, are 
exogenous.  If all the external influences are factored out, then the main feature that 
appears to influence reliability would be aspects that relate to the internal characteristics 
of the estimator, in other words endogenous factors.  The endogenous factors relate to 
the decision-making orientations of the individual estimator and its influence on reliability 
of cost estimates could be important in understanding why different estimators given the 
same conditions, resources and information generate different estimates.  By factoring the 
endogenous dimensions into their analysis, Shash and Al-Khald (1992) Beeston (1983) 
could have considerably enhanced their study of the constraints in achieving reliable 
estimates for construction. 
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Daschbach and Apgar (1988) made the case for developing separate solutions of cost 
estimating methods for preparing various types of cost estimates to serve different 
purposes.  They however, did not address the relationship between the different methods 
of cost estimating they proposed, and the reliability that could be achieved by pursuing 
such an approach.  Earlier studies by other investigators had focused on the reliability of 
estimates in relation to the type of work and their intended use (Vergara and Boyer, 
1974).  In their work, Vergara and Boyer (1974) demonstrated that the precision of 
estimates depended on the type of work and the intended use and not exclusively on the 
adopted method.  Although this seems reasonable, the influence of the estimator‟s 
attitude on the desired reliability of project cost estimate was not considered in arriving at 
the conclusion drawn by both Vergara and Boyer (1974) and Daschbach and Apgar, 
(1988).  It is important to point out at this stage that the driving force behind any estimate 
is the estimator.  This is why the actions and inactions of the estimator could potentially 
have a significant effect on the reliability of estimates.  Research on reliability of cost 
estimates that do not address the contribution that the endogenous element associated 
with the individual estimator‟s behavioural characteristics in decision-making can make to 
the achievement of reliability, therefore, addresses only a part of the problem. 
 
The method of estimating using Bills of Quantities (BOQ) was studied by Akpan (1987).  
The principal finding from the investigation was an argument that project costing method 
based on Bills of Quantities (BOQ) ignored the project scheduling tools such as the 
network scheduling technique.  Akpan (1987) attributed inaccuracies in project cost 
estimates to the lack of awareness of the methods and delivery schedule by estimators, 
which reflects information inadequacy for decision making.  According to Akpan (1987), 
there is no visible relationship between the items in the Bills of Quantities and the time in 
which any of the work items would be carried out.  This is a reflection of the lack of 
integration between the various functional activities involved in the delivery of construction 
projects.  Recent technological developments, such as n-D modelling for visual realisation 
of the project that embraces multiple dimensions, carry considerable potential to address 
some of the shortcomings arising from the lack of integration between different work 
sections and functions in the delivery of a construction project.  However, these solutions 
exist in a mature form only at the research level, and will need the training of a critical 
mass of estimators who do work in the emerging technological opportunities, for the 
benefits of any integration to impact on the estimating practice. 
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2.2.3 Cost Estimating Models 
Several researchers such as Koenigseker (1982), Kouskoulas and Koehn (1974), Wilmot 
and Cheng (2003), and Yu and Lai (2003) have argued over the years that establishing 
reliable cost for construction projects is difficult by the use of conceptual cost estimating 
method.  Some of them advocated for the need to automate the programming of the 
estimate by develop costing models that addressed the shortcomings of the traditional 
conceptual methods (McCaffer and Bainbridge, 1978).  Burke (1993) reported that, the 
quality of the estimate is a manifestation of the best approximation based on the available 
time and information, the techniques employed, and the expertise and experience of the 
estimating personnel.  According to Burke (1993), the desired reliability achieved depends 
on the level of detail available.  Burke (1993) concluded that the amount of information 
available on the project, such as the detailed scope of work, clear conditions of contract, 
detailed specification, and identification and mitigation of risk and uncertainty in the 
project are the prerequisite for achieving accurate and reliable cost estimate for the 
project  
 
One of the more recent developments in the delivery of construction projects is the 
opportunity to use tools that rely on Building Information Models (BIM) to predict the 
behaviour, performance or appearance of the as-built solution through visualisation, 
simulation and analysis.  In particular, Organisational BIM plan and Project BIM plan are 
the two categories of BIM technologies that Eastman (2008) suggested could carry the 
potential for substantial industry-wide uptake.  Eastman (2008) argued that the 
Organisational BIM plan could help companies in developing organisation-wide 
deployment of the BIM technologies.  The Project BIM plan could facilitate the 
identification of the key project team, the processes and the dependencies in delivering 
the solution from design to construction, as well as assign roles and responsibilities in a 
collaborative communication environment aimed at reducing cost.  BIM technology could 
therefore, offer a way to bring together the work of the various parties in the construction 
project to enhance the otherwise isolated solutions involved in delivering the client‟s 
demand from the briefing through design to the construction stage (Eastman, 2008). 
 
Based on the current trend of innovation it is easy to appreciate that the use of BIM would 
bring about improvements and benefits for construction stakeholders within the immediate 
future.  Among the projected benefits that could be associated with BIM would be 
improved communications and collaboration between the design and construction teams.  
Such an improvement would help to minimise unreliable project information that is arises 
 44 
from a lack of integration and is identified as a major cause of unreliable estimates.  Since 
the essential feature of BIM technology involves integration and modelling of project 
information to achieve optimisation, it therefore, stands to reason that properly implement 
it could make possible faster delivery of projects in a cost effective way.  The potential of 
BIM in bringing about improvements for the estimating practice could equally be 
substantial.  Should that transpire, the industry could witness a transition in the process 
and methods employed in generating project cost estimates.  In particular, by 
incorporating cost and performance data in BIM model elements, it would become 
possible to establish quickly the estimate of a project using several scenarios for 
delivering the project. 
 
Although the current development of BIM technology has the potential to be effective in 
connection with cost data, accuracy with which information is processed, and other 
physical parameters of the project, it does not address the behavioural characteristics of 
the individual estimators involved in deploying the technology.  In general, BIM models 
generate what the human beings have configured them to do.  Since much of the practice 
in design and delivery of solutions in construction tend to address the exogenous aspects 
and not the endogenous factors, the same orientation currently characterises the use of 
BIM technology.  The exogenous orientation would mean that BIM models would carry the 
potential for greater efficiency and not necessarily overcome the human-induced 
contributions to unreliability in project cost estimates. 
 
2.2.4 Techniques for Estimating 
Historically, while much of the estimating effort in construction have centred around the 
„first principles‟ approach, the emergence of techniques such as parametric estimating 
from the middle of the last century have helped to transform the landscape of estimating.  
The parametric approach to cost estimating has its origins in the World War II period 
(Shash and Al-Khaldi, 1992).  The war caused a demand for military aircraft in numbers 
and models that far exceeded the volumes that the aircraft industry had capacity to cope 
with.  In response to the demand, T. P. Wright in 1936 provided a number of equations to 
apply in predicting the cost of airplanes over long production runs.  The underlying theory 
of the Wright equations is known today as the learning curve (Daschbach and Apgar, 
1988).  According to Ostwald (1992), the learning curve equations of Wright were also 
applied by industrial engineers to predict the unit cost of airplanes.  This essentially 
rendered the equations as an estimating tool.  Using the learning curve approach for 
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estimation required the computation of a first unit cost as a key input.  While the learning 
curve technique proved useful for predicting the behaviour of recurring cost, there was no 
acceptable method for generating what the first unit cost might be.  Prevalent practices 
included detailed labour-hour and material estimating, which essentially ignored the latent 
contributions to the cost of producing the first unit (Shash and Al-Khaldi, 1992).  Equally, 
there were no common methods for estimating the non-recurring costs associated with 
aspects such as research, development, testing and evaluation in the pre-production 
phase of aircraft product development (Shash and Al-Khaldi, 1992).  In particular, these 
non-recurring phases in aircraft development map onto the pre-production phase in 
construction and could potentially have contributed some insights on estimating for non-
site based activity. 
 
The development of the method of Cost Estimating Relationship (CER) by Rand in 1950 
attempted to address the limitations of the learning curve.  The combined initiatives of 
T.P. Wright and Rand became the foundation of the current technique of Parametric Cost 
Estimating (Shash and Al-Khaldi, 1992; Daschbach and Apgar, 1988).  The development 
of the parametric cost estimating was assisted in no small measure by the need of the 
Department of Defence (DoD) of the United States of America to reduce its cost of 
procuring military hardware.  Much of the effort to reduce cost focused on optimising the 
unit cost of a product by applying Business Processing Reengineering (BPR) principles.  
BPR involves the reengineering of a process or the functions of an organization by 
interrogating its contributing activities, and then re-ordering and revising them to bring 
about incremental improvement (DeMarco, 1994).  The fundamental purpose of the 
concept could be summarised simply as doing more with fewer resources.  Its application 
enabled the development of relatively more optimal and reliable cost estimates.  The work 
of De-Marco (1994) led to the attainment of greater reliability in the estimating effort within 
the manufacturing industry.  The BPR technique depended on a principle that is captured 
in the following five basic steps.   
i. Create an organization for improvement 
ii. Develop an understanding of the process 
iii. Streamline the process 
iv. Model, implement, measure, and control 
v. Design and implement continuous improvement 
The third step offers an opportunity for several iterations that potentially enables the 
outcome of the process to mature in reliability and improvement.  The third step also 
provides the key phase that facilitates the action, which conceptually makes the BPR 
technique parametric. 
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Watson and Kwak (2004) have argued that the parametric technique is a more credible 
method for producing reliable and supportable contractor estimates, and equally yields a 
more cost-effective estimating process solution.  The technique relies on the use of one or 
more Cost Engineering Relationships (CERs) and associated logical linkages to form the 
basis of deriving a cost estimate.  The parametric cost estimating principle involves 
defining the technical, physical, or other quantifiable attributes of the product as a bases 
for its measurement.  According to (Kwak and Watson, 2005), the parametric estimating is 
a technique used by both contractors and the Government in planning, budgeting, and 
performance stages of the acquisition process because of its simplicity matched by its 
reliability.  In general, non-parametric estimating systems do not connect technical 
features of a product (parameter) and cost elements, and where it is the case the 
connection does not achieve any substantial precision (Watson and Kwak, 2004). 
 
However, the current use of the parametric technique is yet to incorporate the influence of 
the individual estimator‟s behavioural characteristics in decision making on the reliability 
of the cost estimate.  This is because there are no formal and recognised solutions for 
quantifying and incorporating such subjective variables in an objective parametric 
technique.  It is possible to argue therefore, that it a higher level of reliability in the use of 
parametric estimating could have been realised if the influence of estimator personality 
can be factored into the derivation of the estimate. 
 
The reliability of estimates produced from parametric techniques is heavily dependent of 
its cost realism.  Cost realism is the system of logic, the assumptions about the future, 
and the reasonableness of the historical basis of the estimate.  The estimating procedure 
involves confronting many questions, and for which, assumptions are made by the 
estimator.  For example, the assumption-making is reflected in the estimator‟s ability to 
assess risk and analyse issues, and largely has an effect on the reliability of the estimate 
produced.  Some of the frequent questions that the estimator encounters in using the 
parametric technique in estimating have been listed below. 
 
i. Are the assumptions used in the estimating process reasonable?  
ii. Has the historical database used been normalized to account for external and 
commercial parameters such as inflation?  
iii. Is the cost estimate logical?  Does it make sense in the context of the product or 
service being estimated?  
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iv. Does the estimate display a bias toward being too low or too high?  If so, how is 
this bias displayed in the estimate?  
v. Is the cost estimating organization motivated to produce an inordinately high or 
low estimate in order to serve its own purposes?  
vi. If the product reflects a fixed price from a sole source, has the historical data that 
forms the basis of the estimate been “cherry picked” to produce an unreasonably 
high cost estimate by the contractor, or an unreasonably low one by the client? 
vii. If the programme is competitive, has the contractor or client created far too 
optimistic expectations? 
 
In particular, unreasonable biases and expectations from contractors and clients often 
feature in the cost estimating process (ref).  These biases, often personal, would continue 
to drive the quality of the output from the estimating process into the future.  The biases 
create unknown conditions that contribute to the difficulty of the job cost estimating.  All 
the same, by making sound assumptions, employing quality historical data, and 
exercising unbiased judgement on the part of estimators, it should be possible to achieve 
desired high levels of reliability with the use of the parametric technique for construction.  
The high levels of reliability could be made possible if the estimator‟s behaviour 
characteristics in decision-making can be factored into the derivation of the estimating 
outcome.  The achievement of reliability on cost estimates is therefore, heavily dependent 
on research establishing the individual estimator‟s decision-making orientation and how 
that contributes to estimating reliability.  Unfortunately, the influence of the individual 
estimator‟s behavioural characteristics in decision-making is yet to be established and so 
it is not considered in estimating project cost. 
 
2.2.5 Whole-Life Costing and Estimating Reliability 
Whole-life costing (WLC) is essential in determining the options that will give value for 
money.  The WLC approach is becoming a de facto requirement for most construction 
projects, with clients demanding viable WLC solutions as a basis for schemes at the 
conceptual stage of design.  Effective WLC depends on the reliability of the estimates that 
produced for the various options employed for comparative analysis.  In practice, the data 
for producing the estimates are not easily obtainable or readily available to the analyst 
performing the WLC task.  The absence of sufficient data acts as a major barrier to the 
application of WLC to projects in construction and places more emphasis on the personal 
judgement that the analyst can exercise.  Kishk and Al-Hajj (2000) for example developed 
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a 5-step framework for implementing WLC in the design stage of construction projects.  
They identified the main features of this framework as a resource database and a project 
database.  The resource database contains data for several options of the design in order 
to develop a number of design alternatives, which is subsequently transferred to the 
project database for storage and future use, as well as use in the effective management 
of the development.  Kishk and Al-Hajj (2000) investigated the development of IT 
applications for WLC.  Their work unearthed the difficulty that attended the application of 
WLC due of data insufficiency.  In particular, they saw the use of a comprehensive IT 
infrastructure as a way of overcoming the lack of data sufficiency.  Their prime argument 
was that the insufficiency of data was driven by at least two factors; scope of data, and 
the temporal nature of data.  What they did not address was how the analyst made use of 
the data available, and how different analysts behaved given the same insufficiency of 
data. 
 
2.2.6 Monte Carlo Estimation 
The Monte Carlo Estimation is based on the use of the Monte Carlo simulation.  Monte 
Carlo Simulation provides a method for pricing cost estimate boundaries with reasonable 
degree of objectivity, and hence reliability.  Monte Carlo simulation derived its name from 
Monte Carlo, Monaco, where the primary attraction is gambling or games of chance 
(Vose, 1996).  The random behaviour in games of chance is similar to how Monte Carlo 
simulation selects variable values to simulate a particular model in a spreadsheet 
environment.  Typically, Monte Carlo models only generate the most likely scenario as the 
single outcome of the simulation.  As an analytical tool that can randomly generate values 
for uncertain variables to address different scenarios, Monte Carlo models have the 
potential to take account of any additional subjective variables that are sufficiently defined 
for quantitative analysis.   
 
The simulation has the main objective of improving the degree of confidence in project 
estimates.  In the Monte Carlo method every cost component that has high degree of 
variation as to be modelled as a random variable.  This means that other cost 
components that have little variability are usually not considered.  This is because a 
change in the value of such limited variance variables will not bring about a significant 
enough change in the final cost for it to merit attention.  The decision on the threshold of 
variability that will determine which variables are to be modelled is subject to the choices 
exercised by the estimator.  In the technique, the user does not estimate the project cost 
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using only the normal analytically procedures.  After generating nominal estimates, the 
simulation stochastically establishes the values of the variables that are represented by 
probabilistic distribution by taking random samples.  For the value of the modelled costs 
to be reliable, the technique relies on the accuracy of data and computing power. 
 
The use of Monte Carlo simulation for pricing options was first proposed by Boyle (1977).  
Amour et al. (1999), Boyle et al. (1995 and 1997), Caflisch et al. (1997), Fu et al. (1999), 
Glasserman and Lanyon (1999), and Grant et al. (1997) all explored subsequently the use 
of Monte Carlo simulation in the field of construction, manufacturing, business, and cost 
estimating.  Together, they shared the view that the technique offered a way of achieving 
a more objective value for the derivation of their required output variables.  More recently, 
Chou (2010), I-Tung (2008), Touran et al. (2006), and Ahmed et al. (2007) have 
demonstrated how the simulation could be applied in establishing cost range for estimates 
of construction projects. 
 
2.2.7 Project reliability determinants 
According to Hackway and Humphrey (1992), the reliability of an estimate is dependent 
on the category of work under which the project could be classed.  For the purpose of 
their work, Hackaway and Humphrey (1992) categorised the various work sections as 
follows:  
 
 General project basis; 
 Process design; 
 Site information; 
 Engineering design; 
 Detailed design; and 
 Field inspection. 
 
The listed categories generally include cost items that are referred to as physical factors.  
The physical factors could be mitigated to bring about a high level of reliability for any 
construction cost estimate.  The mitigation effort could include having a well structured 
organisation, with adequate calibre of staff clearly defined job descriptions and roles.   
 
Bramble and Collaham (1992) also identified the following variables which if not 
adequately considered could serve as causes of unreliability in cost estimating.  
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 Failure to evaluate the design 
 Failure to evaluate the site 
 Failure to coordinate sub-contractors 
 Management failure 
 Delay from the sub-contractor 
 Under tendering 
 Failure to schedule and plan 
 Inadequate material procurement plan, and  
 Inadequate labour force. 
 
The outcome of the work done by Bramble and Collaham (1992) was consistent with that 
of Hackway and Humphrey (1992).  However, in both studies, the no consideration was 
given to the behavioural characteristics of the individual estimator, and how that affected 
the choices they exercised. 
 
Chester and Bing (2005) identified the cost of labour, materials, equipment, the 
characteristic of the contract, and the contracting environment during the execution of the 
project as factors that greatly affected the final cost of construction projects.  The 
argument of Chester and Bing (2005) was that the intangible factors such as contract 
environment, were mostly not considered during the preparation of the initial project cost 
estimate.  The cost of resources could be predicted with some high degree of reliability 
from historical data provided the information itself was reliable.  Equally, the intangible 
aspects could be systematically addressed.  For example, the effect of the characteristics 
of the contract could be mitigated by adopting well-structured contract documentation.  A 
well-structured contract would detail how the sharing of risk among the parties to the 
contract.  Understanding the risk element in the contract would enable the estimator to 
allocate the appropriate monetary value for the risk in the cost estimate.  While any such 
detailed risk would help to minimise data insufficiency, it is the perception of the estimator 
for the identified risk aspects that would affect what assumptions the estimate is based 
upon. 
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 2.3 INFORMATION, PLANNING AND WORKLOAD 
Inaccurate assumptions made by the estimator arising from improper or inadequate 
briefing by the client causes unreliability in cost estimating.  Barrett and Stanley (1999) 
analysed the actions and inactions of the client and concluded that the consequence of 
improper client briefing often accounts for the deviation of the actual project from the 
project as contemplated at the time of estimate.  In such instances, the estimator has to 
contend with a situation whereby the assumptions that underpin their estimate is not 
based on what the client actually intended.  The reliability of such an estimate decreases 
as the estimator‟s assumptions increases the deviation from the intended brief.  The 
briefing stage is primarily involves information sharing.  Barrett and Stanley (1999) 
therefore, agreed with Hackway and Humphrey (1992), and Bramble and Collaham 
(1992) that reliability in cost estimating is directly proportional to the reliability of the 
information transmitted to the consulting team during the client‟s briefing.   
 
The actions of the parties to the construction contract and their representatives affect the 
desired and expressed reliability in construction cost estimates.  Sidney (2002) indicated 
that the following actions of the engineer/ architect often accounted for inaccuracies in 
cost estimates on projects. 
 
 Ineffective co-ordination of drawings among mechanical, electrical, fire protection, 
structural, and architectural trades. 
 Conflicts between small and large details and between written information and 
graphic drawings. 
 Lack of communication among the various design consultants, so that a change 
made by one is not transmitted to the others to determine whether they have any 
impact on their design. 
 Insufficient consultation with owners to afford them the opportunity to participate 
in decisions that ultimately affect the way in which their program is being 
developed. 
 Insufficient time for proper and a thorough review of all tender documents, 
because the owner has demanded an unrealistic and compressed timeframe for 
the drawing, production, and submission of documentation for bidding. 
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From the findings of Sidney (2002), it could be inferred that reliable estimating, as an 
activity in its own right, is a prerequisite for achieving the performance such that a 
project‟s final cost can be within the estimated cost. 
 
Koushki et al. (2005) researched 450 randomly selected private residential projects in 
Kuwait and identified several factors that were presented as causes of inaccuracies in 
project cost estimates.  These included contractor-related problems, material-related 
problems, and owner‟s financial constraints.  Koushki et al. (2005) claimed that no 
consideration was given to these factors in the preparation of the cost estimates on the 
projects.  The key question to address is therefore as follows: will the desired 
improvement in reliability of project cost be achieved, if the factors of Koushki et al. (2005) 
are incorporated in deriving the estimate?  Anecdotal evidence suggests the view that 
addressing those factors will lead to an improvement in reliability for cost estimates.  
However, there is no cogent evidence from a systematic study to support that assertion. 
 
Swee and Moonseo (2005) acknowledged that some special project requirements 
contributed more to the causes of inaccurate cost estimates on projects.  In particular, 
they alluded to such requirements as high technological level, contractor‟s specialised 
skills, and public administered contracts.  Other factors identified by Swee and Moonseo 
(2005) as having significant effect on the final cost of projects were contractor‟s technical 
expertise, owner‟s level of construction sophistication and contractor‟s financial 
management ability.  According to Swee and Moonseo (2005), these factors are not 
considered and addressed in the preparation of project cost estimates. 
 
The research of Koushki et al. (2005), Swee and Moonseo (2005), and Min and Pheng 
(2005) equally did not cover how different human beings behave under the same 
conditions.  The behaviour of the individual estimator in making decisions, which are vital 
for determining the cost of any project is omitted in all their studies. 
 
2.3.1 Workload 
In general, the nature and level of project workload can affect the estimator‟s ability in 
making sound judgement due to pressure of work.  High levels of workload often lead to 
negative stress on estimators (Cooper and Sutherland, 2006).  Mei-Yung et al. (2005) 
identified stress experienced by estimators as a major cause of unreliable estimates on 
projects.  Some of the critical stressors identified by Mei-Yung et al. (2005) were work 
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overload, role conflict, job ambiguity, and poor work environment.  Experiences of high 
levels of stress by estimators are a regular phenomenon in the Ghanaian context.  This is 
due to the huge number of projects in the public sector for which cost estimates have to 
be prepared from „first principles‟ by a limited number of experienced estimators.  Often 
estimators in that environment have to deliver their estimates on a very rigid time 
schedule, in part due to frequent interruptions in the procurement programme of the public 
sector.  In the private sector, while such interruptions are seldom, the situation is not any 
much different.  There are instances when most public sector estimators have hardly any 
time to analyse information sufficiently before making decisions.  The effect of such a 
situation is a preponderance of inaccurate and unreliable cost estimates for those affected 
projects.  Its manifestations include projects cost overruns commonly experienced in most 
projects, and in some exceptional cases, abandonment of projects half way due to 
budgetary constrain.  Coping with such a „pressured work environment‟ requires not only 
the intellectual but also the personality attributes of the staff that have to produce the 
estimates. 
 
Some researchers have identified some measures aimed at achieving the reliability 
desired in construction cost estimates.  For instance, Pablo et al. (2001) suggested that 
the following measures could minimise inaccuracies in construction cost estimating. 
 
 Break down the works into discrete portions and plan engineering accordingly 
 Have good definition of the undefined as well as defined 
 Ask for competitive unit prices based on preliminary drawings 
 Pre-order 80% of bulk materials normally supplied by the contractors in order to 
minimised mobilisation time. 
 
The measures suggested by Pablo et al. (2001), however, appear not to take into 
consideration the circumstances in many developing economies where availability of 
finance and stability of the currency plays a critical role in construction project promotion.  
For example, the estimator could make allowance for the purchase of eighty percent 
(80%) bulk material under an advanced mobilisation arrangement within the estimate.  
However, at the implementation stage, the client might not have funds for such a huge 
pre-order.  Equally, the facility for acquiring such large orders on credit is not particularly 
developed in such countries, as their economies generally function on a debit purchasing 
system.  These contextual differences necessitate a re-configuration of the findings from 
studies such as that of Pablo et al. (2001) to ensure their alignment to many developing 
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economies.  The alternative approach would be to investigate the particular phenomenon 
that forms their research problem as it reflects in the particular economy where they are 
contemplating the adoption of the findings from such research. 
 
2.3.2 Planning at Pre-Contract Stage 
Inadequate information and planning at the pre-contract stage can have an influence on 
the reliability of project cost estimates.  Kayode (1979) and Burke (1993) both make the 
case for the role that inadequate information plays in project cost reliability.  Kayode 
(1979) identified factors such as inadequate analysis and inadequate information about 
the project that transpires at the pre-contract stage, as one of the main contributions to 
inaccuracies in project cost estimates.  Martin (2005) subsequently emphasised the 
importance of allocating more time for the early phase planning for any infrastructure 
development as a means of avoiding unreliability in project cost estimating.  The essential 
findings of Martin (2005) affirmed the argument of Kayode (1979).  Other investigators 
who similarly focused on the effect of effective planning on the attainment of cost 
reliability all concurred with Kayode (1979) (Koenigseker, 1982; Kouskoulas and Koehn, 
1974; Wilmot and Cheng, 2003; Yu and Lai, 2003; and Burke, 1993).  The fundamental 
assumption made by all these investigators is that the individual construction 
professionals who have to exercise project decisions are objective and do not influence 
the influence the decision outcomes. 
 
Tarek and Halpin (2004) identified unseen sub-surface obstacles, such as lack of 
contractor experience, and site planning as some of the main problems associated with 
cost estimating for construction.  While factors such as contractor experience are 
expressed by the delivery of similar projects, they practically translate as the experience 
of the individuals the contractor employs.  Tarek and Halpin (2004) identified four 
techniques in solving these problems, which can be categorised as process-oriented 
techniques, deterministic and simulation, data oriented technique (DOT), and regression 
and artificial neural network (ANN).  From their analysis, Tarek and Halpin (2004) 
concluded that DOT techniques were the most appropriate for addressing reliability 
projects cost.  In common with other studies on cost reliability, Tarek and Halpin (2004) 
concentrated on physical factors and objective characteristics that readily lend 
themselves to measurement. 
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Gilchrist (1986) was among some of the earlier investigators to link reliability of cost 
estimates to elimination of needless decision obstacles that often reflect in the delivery of 
construction projects.  Gould and Nancy (2000) agreed with the findings of Gilchrist 
(1986) and augured for a disaggregation of the high level project activities into sub 
activities in order that cost, time, and quality-control standards can be set up for each sub-
activity and monitored effectively.  According to Gould and Nancy (2000) the reliability of 
cost estimates is vital for monitoring project performance.  The estimate, thus, serves as a 
baseline for the project in defining financial viability and operational performance.  Sang-
Hoon et al. (2005) also identified some critical practices that were associated with projects 
cost but were not accounted for in the preparation of construction estimates.  To address 
this problem, Sang-Hoon et al. (2005) advocated for more prudent project planning at 
both the pre-contract and the implementation stages of the project cycle.  Since those 
practices of prudence essentially involve project professionals, understanding their 
behavioural characteristics should form part of the measures for addressing the problem. 
 
2.3.3 Cost Data and Information 
The importance and reliability of cost data on the reliability of cost estimates on 
construction project was buttressed by Frank (1994), Seeley (1983) and Killingsworth 
(1988).  Frank (1994) Seeley (1983) and Killingsworth (1988) among others have argued 
that reliable cost estimate could only be established after the preparation of as-built 
drawings for the project.  Their argument is founded on an estimating practice that reflects 
the „first principles‟ approach and exposes the problem of providing reliable early cost 
estimates by that approach.  The development of Building Information Model (BIM) hold 
considerable potential for providing solutions that could address the lack of reliability of 
early cost estimates.  The use of the BIM technology to generate early cost estimates will 
be facilitated by current offerings of cost databases in the UK that can serve as libraries 
for BIM once the required modelling associations are established. 
 
In developing economies such as Ghana, such cost databases are generally not existent.  
Where they do exist, such information would be classed as confidential and would not be 
readily available and accessible most estimators.  With the exception of the large 
companies operating in Ghana, which are mostly foreign owned, local companies in 
Ghana tend not maintain their own cost data.  The decision not to have in-house cost 
libraries is driven by the cost of maintaining the database as well as the technological 
know-how required to exploit them efficiently.  Where firms hold such cost databases 
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they, naturally, have been reluctant in making it available for wider public usage due to 
competition among the companies.  In order to generate reliable cost estimates for 
construction projects, especially at the early stage, the availability of such cost data is 
very essential.  The inability of the private companies operating in Ghana to develop their 
own cost data has created a situation whereby they have become heavily dependent on 
only officially published cost indices.  The official cost indices are produced by the Ministry 
of Roads and Highways for road sector projects, and the Ministry of Natural Resources 
and Works and Housing for building projects.  These public institutions generate their data 
from the consultant‟s cost of projects and the reliability of the data depends heavily on the 
person compiling them. 
 
Availability of information in the right amounts and of the right quality has a significant 
impact on reliability of construction cost estimates.  For instance, the work of Chua and 
Shen (2005) recognized that unreliable information contributed in a large measure to 
inaccurate estimates on projects.  The problem of unreliable information is common in the 
construction industry in Ghana where data on previous projects are not kept and such 
records are maintained, most of the vital information is omitted.  This situation is shared 
by many developing economies where computerised data handling is not the norm for 
constituting project cost estimates.  Even where the information exists in the volume and 
quality required, it is the interpretation and the decisions that the estimator makes from 
such information that is essential to the realisation of a reliable cost estimate.  In such a 
situation, the decision-making orientation of the estimator could significantly affect the 
reliability of estimates.  The existence of unreliable estimates in many advanced 
economies notwithstanding the availability of reliable information provides strong 
evidence that addressing estimator-exogenous factors alone would not be adequate for 
achieving reliable cost estimates.  This calls for better understanding of estimator-
endogenous factors that relate to the individual estimator‟s behavioural characteristics in 
decision-making to establish how that affects reliability of project cost estimates. 
 
 
2.4 EXTERNAL CONSTRAINTS IN ESTIMATING 
There are a number of constraints that hinder the achievement of reliable project cost 
estimates.  Some of these constraints are project related issues and others arise because 
of the environment from which the estimate is produced.  The subsequent discussion in 
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this section addresses various external constraints that are considered as inhibiting the 
realisation of reliable project cost estimates. 
 
2.4.1 Inflation 
The reliability of cost estimate was reviewed in relation to inflation, which is a major 
economic feature in many developing countries.  Inflation is the term used when paper 
money loses value.  Many theories abound as to the causes of inflation, the most widely 
acclaimed being the increase in the stock of money compared with the quantity of goods 
available.  The review identified several investigators that studied the effect of inflation on 
reliability of cost estimates.  Akpan and Odinaka (2001) conducted studies on the causes 
of inaccuracies in estimates of public buildings.  In their research, Akpan and Odinaka 
(2001) associated the main causes of inaccuracies in cost estimates of public projects in 
developing economies with rising cost of project inputs, such as materials and labour, 
which are difficult to predict.  According to Akpan and Odinaka (2001), the effect of the 
price rises of inputs is inaccuracies in the estimates, especially the ones produced for 
lump sum projects in developing economy.  Akpan and Odinaka (2001) ruled out 
inadequacy of project management as the cause of unreliable cost estimates for the 
sample of projects employed in their study.  The key findings of Akpan and Odinaka 
(2001) were in disparity to the position that Burke (1993) arrived at in studying drivers of 
performance in project delivery, and advocated for proper project management to ensure 
the elimination or minimisation of unreliable project cost estimates.  Since effective 
implementation of project management is widely acclaimed as a positive determinant of 
cost reliability, it may be inferred that the conclusion drawn by Akpan and Odinaka (2001) 
might be more reflective of the context of their case study. 
 
The study of Akpan and Odinaka (2001) was limited to public buildings.  This is a 
significant limitation, which could be addressed by expanding similar studies to cover 
private buildings in the same economic environment.  It is generally known that private 
clients employ more rigorous implementation of project management in the delivery of 
their projects compared to public sector clients.  The robust orientation of private clients is 
in part driven by the profit motivation in that sector.  The approach of the private sector 
could provide useful insights on achieving cost reliability for public sector clients. 
 
The findings of Akpan and Odinaka (2001) were also limited to a developing economy 
where the currency is not stable.  This is not always the case for every developing 
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economy.  In Ghana for example, the interbank exchange rate has been relatively stable 
against most of the international currencies over the past decade with only minor 
volatilities that are usually instigated by global financial shifts.  However, notwithstanding 
the relative stability, project cost estimates in Ghana are affected by a lack of reliability.  It 
may therefore, be inferred that the reliability of project cost estimate is determined by 
factors, which are beyond physical conditions of the estimator‟s external environment.   
 
Other researchers such as Oti (1988) were of the opinion that factors, such as 
government fiscal and monetary policies and inflation, within the economy contribute 
significantly to a lack of reliability in project cost estimates.  According to Oti (1988) these 
factors are difficult to predict in an unstable economy as reflected in the economies of 
most developing countries.  The inability to predict these factors with a degree of certainty 
emphasises the importance that individual decision makers can bring to project cost 
estimating in these countries. 
 
One of the most important causes of the lack of reliability in project cost estimates within 
many developing economies is the rising cost of materials and labour as a direct 
consequence of inflation (Akpan and Odinaka, 2001).  A common feature of the influence 
of inflationary pressure on construction projects in developing economies is the use of a 
fluctuation clause to adjust the agreed cost of works in response to changing market 
prices.  In particular, the use of fluctuation clauses is prevalent on public sector projects 
and less so for private sector initiated schemes.  Public sector schemes tend to be large 
in scale and span several years, thus, making them more susceptible to annual changes 
in the economy with each national budgetary round.  Private sector projects tend to be of 
a smaller scale and often take one year or less to complete, thus, making them less 
sensitive to such annual price variations. 
 
Dormbusch and Fisher (1993) identify three types of inflation that the construction 
industry can experience.  The first of these is a low-level steady inflation that is easy to 
predict and, is commonly associated with many developed economies.  This steady type 
is referred to as single digit inflation.  The second type is a moderate inflation of around 
twenty percent (20%) a year that reflects in many middle-income economies.  The third 
type is an extreme rate of inflation that can go up to one hundred percent (100%) and 
beyond, referred to as runaway inflation, and commonly experienced in many third world 
economics.  In recent times only a few developing economies have more than 100% 
inflation.  These countries are mostly countries that are not practising good governance 
and so the climate for efficient management of construction projects is non-existent.  The 
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majority of developing countries currently have inflation rates nearing the middle-income 
level, with a few reflecting the single digit steady type.  In Ghana for example, the inflation 
figures released by the Statistical Services of Ghana showed consistent single digit rate 
from 2010 to 2011.  Notwithstanding the wonderful inflationary performance of countries 
such as Ghana, it has to be acknowledged that single digit rate in developing countries is 
more of an exception than the rule.  As such, governments in developing economies have 
to do more work to bring inflation rates down to a reasonable level, in order to enable the 
construction industry manage its negative effect on project cost reliability.   
 
The behaviour of inflation on the cost of projects is of particular importance.  In some 
instances, inflation could be predicted with reasonable reliability, and accounted for in the 
initial estimate of the project.  In other situations, it may be completely unexpected and, 
therefore, causes serious cost overruns on projects.  An investigation conducted by Pohl 
and Mihaljek (1992), who surveyed 1,015 World Bank projects, concluded that the 
nominal cost overruns attributable to inaccuracies in cost were primarily due to 
unexpected inflation, which was not adequately provided for in the initial estimate of the 
projects. 
 
The effect of inflation on cost of construction projects in steady state economies is 
adjusted for by the use of a price index.  In the UK for example, construction projects 
typically employ a single price index known as “overall price index” to allow for price 
increases that affect the project.  In Ghana, individual price indices of various input 
resources are employed to derive a composite formula that is subsequently applied to 
compute the level of adjustment of the contractors‟ price.  However, experience has 
shown over the years that the compensation paid to contractors in Ghana from the 
application of the derived composite adjustment formula is often not at par with the actual 
increases recorded for the input resources in the market.  
 
Wang and Mei (1998) argued that price fluctuations of individual cost items do not vary 
simultaneously in the same way within the market.  From their investigation, Wang and 
Mei (1998) demonstrated the limitation of trying to achieve cost reliability by applying a 
single overall price index.  They made the case that the reality of fluctuations in market 
prices for the different resources is not adequately reflected by adjusting the construction 
cost with the use of a single overall price index.  They further argued that it is possible to 
moderate the shortcomings associated with the use of single index by separating the 
quantities from the prices of the individual work items.  This is because a number of 
factors interact to influence the quantities of any cost item, including, the method of 
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construction, the dimensions of the structural design, as well as prevailing conditions on 
the site.  “It is conceived that the quantities for a construction project remain unchanged 
(or similar) as the same (similar) work is performed by the same (similar) workforce under 
the same (similar) conditions” (Wen-Der, 2006).  Wen-Der (2006) also acknowledged that 
the value of any cost element, designated by input resources, would not change as long 
as one constructs the same structure using the same method and under the same 
production conditions.  However, the unit prices of any cost item will fluctuate according to 
the changes in the market forces from time to time.  In particular, price inflation in Ghana 
tends to reflect strongly for all imported input than they do for locally produced resources.  
The differential rates accounts for the difficulty in employing a single price index for 
construction in Ghana. 
 
2.4.2 Idle Time 
To determine the cost component of resource inputs for a project, the estimator makes 
some allowances to cater for unavoidable unproductive utilisation.  For material 
resources, such unavoidable additional resource may reflect as material lost in 
processing.  For labour and plant, it may reflect as idle times, when the resource waits for 
inputs from preceding activities.  During this stage, the estimator has to confront several 
assumptions related to the adequacy of allowance to compensate for the unproductive 
utilisation.  The ability of the estimator to make effective decisions for such unproductive 
utilisation depends in part on the perceptions of performance and decision preferences of 
the estimator.  These perceptions and preferences are generally subjective and 
personally driven by the estimator. 
 
The importance of idle time on reliability of cost estimates was demonstrated by several 
studies into the factors that influence cost reliability.  They include investigations 
conducted by Rogge and Tucker (1984), Vorster and de la Garza (1990), Yates (1992), 
Chalabi and Camp (1984), and Abd. Majid and McCaffer (1997).  For example, Abd. Majid 
and McCaffer (1997) indicated in their study of factors that contributed to inexcusable 
delay on projects an association between inadequate allowances made for idle time in 
project cost estimating, and subsequent developments such as equipment breakdown. 
 
The problem of equipment breakdown is of importance in many developing economies.  
In Ghana and most developing economies, it is common to find construction contractors 
relying on overage equipment from the developed economies to deliver projects.  This is, 
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basically, due to the prohibitive cost of new plant equipment and, without help, 
unaffordable by many contractors in developing economies.  While manufacturers would 
provide nominal information on productivity for the different models and makes of their 
equipment, they assume an average level of performance.  Equally, the manufacturer 
performance data assume ideal and supportive working conditions, such as regular 
routine maintenance.  The use of plant hardly reflects these assumed conditions in many 
developing economies with a consequence of sub-optimal utilisation.  The lack of 
adequate record keeping on equipment performance by individual project organisations 
means adds to the problem of having a cogent basis for estimating decisions.  For 
instance, the problem is made worse by the frequency of breakdown associated with the 
use of plant in Ghana, although such breakdown usually varies with the make, model, and 
age of the equipment.  In addition, the frequency of equipment breakdown is contingent 
upon the usage and the equipment management plans adopted by the project 
organisation and directly proportional to the level of experience of the equipment operator. 
 
Given the multiplicity of influencing factors, it is common and expected to find that the 
level of allowance for resource utilisation vary from estimator to estimator.  This is due to 
the individual estimator‟s preferences exercising decision choices. 
 
The problem of inadequate allowance for idle time in the unit rate built-up could be 
minimised if contractors are encouraged to have regular and scheduled maintenance on 
their fleet of equipment.  Unreliability in cost estimating associated with inadequate 
allowance of idle time due to plant breakdown are more pronounced in smaller 
companies, who are unable to afford the cost of maintenance.  Most of the larger firms 
have a well-structured maintenance system and often reflect a reasonable level of 
practice.  Again, unreliability in cost estimating associated with idle time due to equipment 
breakdown is more pronounced where the firm owns their own equipment.  Where 
equipment is on rental, then the risk of such breakdown becomes the responsibility of the 
equipment hire firm. 
 
One of the benchmarks for assessing the project‟s performance is the time or duration it 
takes to accomplish the construction work.  Since the performance of a project is 
attributable, predominantly, to the efficiency of project organisations in utilising both 
human and material resources, the cost estimates could be employed as a proxy to 
predict the duration of a construction project.  The more the reliability of the estimated 
cost the superior the predicted time would be, compared to the actual durations.  
Bromilow and Henderson (1976) produced a model for forecasting construction time, 
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which was derived by accepting the strong correlation between project cost and duration.   
Equation 2.1 presents the model where T is the estimated construction project duration, C 
is the overall project cost at completion, and B and K are constants. 
 
BCKT   Eq. 2.1 
 
B describes how the project size affects time performance, and K portrays the general 
level of time performance for a million dollar spend on the project.  B and K values that 
they generated from the projects they investigated is shown in Equation 2.2. 
 
3.0313 CT   Eq. 2.2 
 
Ireland (1980) also produce a similar model by adopting the fundamental concept of 
Bromilow and Henderson (1976) to predict magnitude of the relationship between project 
cost and its overall project duration from analysis conducted on twenty-five (25) high rise 
buildings in Australia as shown in Equation 2.3. 
 
47.0219 CT   Eq. 2.3 
 
The values obtained by Ireland (1980) for the constants K and B as depicted in Equation 
2.1 were 219 and 0.47 respectively.  T is the estimated contract duration and C is the cost 
of the project after completion in the Ireland (1980) model.  The use of 25 projects 
presents a statistical limitation of the predictive powers of the Ireland model. 
 
2.4.3 Physical Factors  
The level of influence of the physical factors on reliability of cost estimates varies.  Al-
Harbi et al. (1994) conducted studies to identify physical factors that contributed 
significantly to the reliability of cost estimates.  Al-Harbi et al. (1994) revealed several 
factors, which were grouped and ranked in order of importance as listed below.  
 
i. Tough competition 
ii. Contract period 
iii. Incomplete drawings and specification 
iv. Incomplete project scope definition 
v. Unforeseeable changes in material prices 
 63 
vi. Change in owner‟s requirements 
vii. Current workload 
viii. Errors in judgement 
ix. Inadequate production time data 
x. Lack of historical data for similar jobs 
xi. Lack of experience in similar projects 
 
The incidence of the physical factors could be controlled by having a well-defined 
estimating procedure, adequate time for preparation of drawings, regular contact with the 
client at every stage of the design process in order to incorporate any changes to the 
client‟s own requirements.  The effect of tough competition could be mitigated by pricing 
realistically even if that might result in not wining the tender.  Contract periods are fixed on 
most projects without consideration of the work content and the terrain and geographical 
location on the project.  Fixing contract period with experience from similar projects will 
contribute to the mitigation of potential negative effects from the contract period on the 
reliability of estimates.  Similarly, issues pertaining to the lack of historical data and 
experience from similar project could be mitigated by having a well-structured estimating 
department, with well-defined procedures in data management together with good calibre 
and adequate numbers estimating staff.   
 
Adamu (2003) investigated the effect of increasing road project cost and time certainty, 
mainly from the client‟s perspective, and how any improvement affected the reliability of 
cost estimating in construction projects.  Adamu (2003) affirmed that good contract 
procurement and management strategies, which include allocation of sufficient 
design/tender periods, review of design to identify and resolve errors and omissions prior 
to tendering, as well as proper planning and control were all essential to achieving the 
level of certainty required in cost estimating.  Adamu (2003) contended that addressing 
these factors could result in an improved situation whereby the project cost at initiation 
stage will be at par with the final cost at completion of the project. 
 
The research of Adamu (2003) agreed with that of Al-Harbi et al. (1994) that unreliability 
in cost estimating on projects could be eliminated or minimised with proper pre-contract 
documentation and sufficient levels of management involvement at the estimating stage 
of the project.  Generally, the negative effects of the factors identified by Al-Harbi et al. 
(1994) and Adamu (2003) on the quality of estimates could be minimised with a good 
practices in estimating procedures and qualified and experienced staff.  Although Al-Harbi 
et al. (1994) and Adamu (2003) agreed on the importance of the „right‟ people for the 
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desired reliability in project cost estimate to be achieved, they did not address per se, the 
influence of the behavioural characteristics of the people, which in this case is the 
estimator, on the reliability of cost estimates.   
 
2.4.4 Knowledge in the Area of Estimating 
The effect of the knowledge of estimators in the area of specialisation in which estimates 
are prepared is equally a prerequisite for achieving a reliable cost estimate.  Carr (1989) 
indicated that unreliable cost estimates were the results of staff estimating in an area 
where the estimator often had little knowledge (both technical and operational).  Akintoye 
and Fitzgerald (2000) conducted a survey of cost estimating practices in the United 
Kingdom and concurred with Carr (1989) on the importance of experiential knowledge in 
the area of estimating on the reliability of project cost estimates.  The judgement of the 
estimator in such situations could be influenced by the amount of knowledge they have 
from projects of similar nature.  The works of Akintoye and Fitzgerald (2000) and Carr 
(1989) on the estimator‟s knowledge could have considered the influence of estimator-
judgement on the reliability of project cost estimates.   
 
The estimator‟s practical knowledge of the method of construction of particular types of 
work is also vital for realising reliability of cost estimates.  The survey by Akintoye and 
Fitzgerald (2000) established the necessity of having adequate practical knowledge of the 
work type to be estimated.  They proposed that the major causes of unreliability in cost 
estimating continue to be a lack of practical knowledge of the construction process by 
those responsible for the estimating function.  They further suggested that factors such as 
insufficient time to prepare the cost estimate, poor tender documentation and wide 
variability of subcontractor prices contribute to the variability in reliability. 
 
2.4.5 Time Sufficiency 
The influence of insufficient time for preparing cost estimates is more pronounced in 
unplanned procurement of works, goods or services.  The importance of planning on the 
realisation of reliable durations for construction activities has been emphasised by 
Johansen and Greenwood (1999).  Johansen and Greenwood (1999) produced a lean 
construction model for planning aimed at fixing the duration for activities to a reasonable 
degree of accuracy. 
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2.4.6 Pressure from Superiors 
In many developing economies, politicians often make promises for electoral gain, which 
later translates to pressure on the estimators to deliver project cost estimates in very short 
time and to substantiate the solutions that the politicians proposed.  For example, prior to 
elections in Ghana, numerous promises made by politicians to deliver various 
infrastructure developments had to be fulfilled within a limited time in order to maintain the 
credibility of the political administration.  The workload situation is more severe due to the 
limited number of experienced estimators in these developing economies.  In such 
instances, the estimator exercises judgements, which are often suboptimal due to the 
level of fatigue from intense work and pressure from superiors to meet the demands of 
the politicians.  Faced with such a situation whereby the estimator has to turn around cost 
estimates in little or no time, the practical effect is often an inability to analyse 
documentations thoroughly in order to make an informed decision.  The effect of time 
pressure also reflects in the design aspects of the solution adopted for the project and, 
which often lead to numerous cost overruns arising from design changes on the project.  
The adverse effect of inadequate time for estimating could be moderated by ensuring that 
only projects included in the national strategic procurement plan are implemented.  In 
addition, increasing the number of experienced estimators employed to discharge the 
function could help the departments affected to maintain levels of capacity to cope with 
any demand hikes that arise.  One method for achieving growth in numbers is by 
providing incentives for students that have enrolled on estimating programmes in the 
tertiary institutions to consider joining the relevant public sector departments that address 
project cost estimating. 
 
Akintoye and Fitzgerald (2000) also indicated from their survey that the larger contractors 
rated the causes of inaccurate estimating lower than the other groups of contractors 
interviewed in the survey.  Akintoye and Fitzgerald (2000) attributed this to the fact that 
large contractors often had well-organised estimating departments with clearly defined 
functions than their smaller and medium counterparts. 
 
A number of other studies have also stressed the importance of reliable cost estimates of 
construction projects as the basis for making most financial decisions at the pre-contract 
stage and during the progress of site production works (Afetornu et al., 2006; Walker and 
Hampson, 2003; Abubakar, 1992; and Pohl and Mihaljek, 1992). 
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2.4.7 Risk identification and Assessment 
The proper identification and assessment of risks associated with construction cost during 
estimating can assist in achieving the desired reliability.  There are particular critical risks 
that have to be analysed and appropriately accommodated for in estimating the cost of 
construction projects.  Kalidindi and Thomas (2002) and Thomas (2003) established the 
following critical risks as pertinent to achieving that reliability in the estimating outcome. 
 
i. Traffic revenue 
i. Delay in land acquisition 
ii. Demand risk 
iii. Delay in financial closure 
iv. Completion risk 
v. Cost overrun risk 
vi. Debt servicing risk 
vii. Political risk 
 
Thomas et al. (2006) confirmed the findings of Kalidindi and Thomas (2002) and Thomas 
(2003) on the importance of making adequate allowance to mitigate the risks that can be 
associated with estimates of project cost.  Thomas et al. (2006) consequently developed 
a risk assessment framework, for evaluating the effects of critical risk on estimating the 
cost of Build Operate and Transfer (BOT) road projects.  The period of concession 
associated with most BOT projects is thirty years and over.  The effect of a particular risk 
factor to a BOT project will differ from that of the conventional construction project for 
which the involvement by the developer only spans up to the completion of the physical 
works.   
 
The risks associated with the delivery of construction projects have been explored in 
several investigations by many researchers.  Lewis and Greenwood (2002), Hasrak and 
Shaked (2000), Han and Diekmann (2001), Kapila and Hendrickson (2001), Ashley and 
Bonner (1987), Pheng and Hongbin (2003) discussed the effect of risks on the forecast of 
construction project cost in the international market and under Private Finance Initiative 
(PFI) and Public Private Partnership (PPP) procurement arrangements.  The importance 
of risk in PFI/PPP projects was emphasised by Lewis and Greenwood (2002).  Lewis and 
Greenwood (2002) identified design risks and liability for site conditions as the most 
important risks that should receive for PFI/PPP construction contracts.  Political risks 
associated with international projects were analysed by Ashley and Bonner (1987).  
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Ashley and Bonner (1987) evolved a conceptual influence diagram for analysing political 
risk in the preparation of tender for international projects.  Other researchers such as 
Kapila and Hendrickson (2001) identified the most critical risk related to the financial 
aspects of international projects and provided measures on how these risks could be 
mitigated to ensure a more reliable estimation of projects cost in the international market. 
 
The risks associated with projects in developing countries are usually very high for most 
international contractors.  This could be attributed to some inherent tendencies that 
characterise these countries.  They include political instability of governments in the 
developing countries, instability of the currency particularly where international contractors 
are paid in local currency.  Another tendency is the lack of experienced artisans in 
numbers sufficient to deliver many of the complex projects, and as a result necessitating 
the introduction of expatriate expertise for quality delivery of the project, and thus, 
increasing the cost of the project.  In addition, input resources such as most processed 
materials and equipment have to be imported to run the project from developed 
economies.  This situation makes the delivery of projects in developing countries very 
susceptible to the level and stability of exchange rate associated with their local currency.  
The ability to predict the cost of works is affected by the currency rate prevailing at the 
time of acquisition of resource inputs.  In addition, any volatility in the global financial 
markets is translated to the project as a result of the input resource dependency on 
imported alternatives.  Jaselskis and Talukhaba (1998) investigated the bids of 
international contractors in Kenya and concluded that inherent such risks impacted 
heavily on the bid prices of international contractors.  According to Jaselskis and 
Talukhaba (1998), government instability and shortage of adequately trained craftsmen 
were some of the inherent risk that need to be accounted for in preparing tenders on 
international projects.  Jaselskis and Talukhaba (1998) noted further that if the inherent 
factors are not sufficiently assessed and adequately allowed for in the bids submitted by 
international contractors it could result in serious lack of reliability in their price. 
 
Dickmen and Birgonul (2006) also discussed the work of a number of previous authors on 
the risks associated with international projects.  They proposed that, the report compiled 
by Ranko Bon on risks information associated with international contractors that policy-
makers and construction professional apply to ensure accurate preparation of project cost 
estimates on international projects should form the basis for defining a way forward.  Their 
primary argument was that the report of Rank Bon obtained contributions and responses 
from a wide range of experts across the world, thus, making it applicable to most 
international situations.  Earlier, Chen and Messner (2003) had argued that expert opinion 
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from different countries should be gathered by survey for a more objective assessment 
and comparison of risks associated with international contractors and how these should 
be addressed systematically in the preparation of cost estimates for international projects. 
 
Ibrahim et al. (2006) investigating the allocation of risks in public private partnerships 
(PPP) projects in Nigeria, identified unstable government, inadequate experience in PPP 
and availability of finance as the three most important risk factors that affect PPP projects 
in Nigeria.  The reliability of PPP projects in Nigeria would therefore, depend on the extent 
to which these risks are managed. 
 
In their work Lewis and Greenwood (2002), Hasrak and Shaked (2000), Han and 
Diekmann (2001), Kapila and Hendrickson (2001), Ashley and Bonner, (1987), Pheng and 
Hongbin, (2003) Ibrahim et al. (2006), Dickmen and Birgonul (2006), and, Chen and 
Messner (2003) all did not address the aspect of overheads.  In particular, the effect that 
overheads of international contractors have on their tenders when tendering for 
international projects in developing economies.  It may be argued that the most 
international contractors tend to associate higher levels of risk to projects in the 
developing economies and consequently allocate disproportionate monetary values to 
mitigate those categories of risks.  In Ghana, recent developments point to a lowering in 
tender figures quoted by Chinese contractors as compared to their international 
competitors for international projects.  The disparity in the tender prices from other 
international contractors to that of the Chinese contractors is due to the level of monetary 
allocations for risk and overheads.  In some instances, the disparity could account for as 
much as ten to fifteen percent of the total tender accepted by the client.  The question is 
why such a big variance should occur between the international contractors tendering for 
the project since the risk associated with the project has been assessed competently and 
sufficiently by all of them.  The huge disparity between the international contractors‟ 
tender prices for international projects in the developing economies may be explained the 
significant effect that the individual estimator‟s judgement can have on what constitutes 
risk. 
 
2.5 CONSTRUCTION INNOVATION AND ESTIMATION 
The role of innovation in achieving significant improvements in construction has been 
slow as compared to that of manufacturing (Egan, 1998).  The improvement of the 
construction sector is of great concern to national governments in both developed and 
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developing economies.  The question is how construction performance can be improved 
on a sustainable basis.  The argument made by Egan (1998) was that construction should 
move away from making efforts at achieving absolute innovation and focus on relative 
innovation.  The rationale is that on its own, construction displays sufficient levels of 
innovation.  However, compared to that of manufacturing, innovation in construction is 
seen as woefully inadequate to act as a driver for accelerated improvement and 
productivity growth (Latham, 1994). 
 
In 1990s, efforts were made in the UK to transform the construction sector with particular 
emphasis on re-configuring its project delivery from the traditional functional approach to 
that of a manufacturing process (M4I, 2000).  The transformation effort was part of a 
general agenda to stimulate innovation across different industrial sectors within UK that 
was spearheaded by the Innovative Manufacturing Initiative (IMI) (Graves et al., 1998).  
The programme for the construction sector was entitled Construction as a Manufacturing 
Process (CMP), and was aimed at stimulating construction to emulate the productivity and 
operational gains that characterised the transition from a functional to process orientation 
by the manufacturing sector (McCaffer and Edum-Fotwe, 2003). 
 
Innovation in construction sector could be grouped into two categories namely technical 
and socio cultural.  Improvement in both categories is needed if the desired accelerated 
innovation in construction is to be achieved.  Studies on how construction can achieve 
accelerated innovation predominantly focus on the technical factors, and not much 
attention has been given to the socio-cultural factors.  The socio-cultural aspect relates to 
the personal characteristics of individual estimators, and includes making decisions in 
their work environment.  For example, Hamza and Greenwood (2007) researched on the 
impact of procurement methods on delivery of environmentally sensitive buildings and 
concluded that innovation in that context will include early freezing of designs to enable 
contractors mitigate schedule-related risk.  The driving force behind any procurement 
activity involves the estimator, and their role in achieving any anticipated innovation would 
be critical. 
 
There are a number of innovations in the delivery of design, which are starting to take 
hold in the construction industry.  Greenwood et al. (2008) identified the use of integrated 
designs for the delivery of major infrastructure projects in UK.  In investigating the 
importance of innovations Walker et al. (2010) identified the merits and demerit to the 
project consortium in the use of standardisation in design. 
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In the UK, many organisations have had exposure to changes in the processes employed 
for the delivery of their projects.  Price and Newson (2003) accepted the notion that the 
process changes in delivery of projects that is taking place in most organisations reflect 
the transformational type.  Price and Newson (2003) advocated for more of such 
transformational change for construction organisations and argued that emphasis on 
effective innovations in the construction industry should focus on business strategies.  
The innovations in the construction organisations are equally vital for the realisation of 
reliable budget on projects.  According to Price and Newson (2003), the advocated 
change will require a blameless culture, and a revolution in the way risk management 
transpires in construction.  They include innovations in the quality of writing construction 
specifications to minimise ambiguous project information.  Often the specifications are 
employed to establish the project cost estimates.  Therefore, the reliability of project cost 
estimates could influence the quality of specifications adopted for the project.  Kululanga 
and Price (2005) explored specification-writing capabilities of contractors operating in 
Malawi.  They identified the writing of construction specifications as one of the greatest 
challenges that construction contractors in Malawi have to face.  Kululanga and Price 
(2005) developed a management instrument that could aid construction contractors in 
specification writing, which they argued had the potential of improving the reliability of 
project cost estimates. 
 
Innovations in construction organisations could improve reliability of estimates.  However, 
the processes are driven by people, and therefore, the influence of the behavioural 
characteristics of the key professionals would significantly affect the outcome of any 
innovative efforts. 
 
 
2.6 ESTIMATING IN NON-CONSTRUCTION 
In the non-construction sector, such as aerospace and general manufacturing, different 
methods are used in estimating the cost of any activity (NASA, 1995).  The methods 
employed tend to vary from sector to sector, and also from company to company.  The 
use of different practices is driven by many factors such as the company‟s established 
procedures (NASA, 1995).  The subsequent sub-sections present some of the 
predominant non-construction estimating practices. 
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2.6.1 Parametric Cost Estimation 
A parametric cost estimating is a method of cost estimating that is mostly use in the 
manufacturing sector.  Although there are examples of the use of parametric estimating in 
the construction sector, in general it is on a smaller scale compared with its use in the 
manufacturing sector.  NASA (1995) described parametric cost estimating as a technique 
that employs one or more cost estimating relationships (CER) and associated 
mathematical relationships and logic to establish the cost of any proposed project.  The 
estimate is based on a technical, physical, or other characteristic that can be objectively 
associated with an element or the whole of the project.  The fundamental purpose of the 
process involved in applying the technique is to establish a clear linkage between cost 
and a product‟s technical parameters.  Characteristics of the project employed in 
parametric cost estimating within the construction sector are usually the cost sensitive 
constituents of the particular project.  Without this linkage, a product cost cannot be 
effectively defined.  The essential difference between the parametric and non-parametric 
estimating systems is that estimating in non-parametric systems do not necessarily 
require a linkage of any cost sensitive constituent element of the project, and where they 
are established, it is often done without any substantial precision.  The key terminologies 
used in parametric estimating are addressed in the subsequent sub-section. 
 
2.6.1.1 Cost Estimating Relationships 
Cost Estimating Relationships (CER) are mathematical expressions that relate the cost of 
a independent variable with one or more dependent variables.  The associated estimating 
procedure involves forecasting the cost of a project based on the CER and the model 
developed from relationships are forms of forecasting real world cost for a future state of a 
proposed project (NASA, 1995).  As such, the output estimate has a probability of being 
within a given percentage of the final cost of completion.  The reliability of this method of 
estimating is reliant on the dependability of the project cost data.  The better the 
dependability and consistency of the project cost data employed for the model, the closer 
the estimate would be to the final cost at completion of the project.  In the use of CER for 
estimating practice, no amount of complicated mathematical formulas could compensate 
for a deficient data.  It is therefore, paramount that a considerable time is devoted to the 
collection of such input cost information to ensure that the data has consistency and is 
viable for a dependable database. 
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The uncertainties of producing a realistic cost estimate within a given percentage of the 
final actual project cost is often translated as price risk.  These uncertainties can be 
grouped into two major categories.  The first category is uncertainty faced by any 
organisation to perform as planned due to unexpected scope changes in resource or 
scheduling affecting the effort to produce the design or product.  This risk could be 
mitigated through an effective and improved specification and better communication 
between the stakeholders.  The second category is uncertainty associated with the 
development and the usefulness of any cost model.  The mitigating measures for the risks 
associated with the second category of uncertainty are indicated in Table 2.1. 
 
 
Table 2.1: Uncertainties and Mitigations Measures in Estimating 
Item Uncertainty Mitigation Measures 
1 Uncertainty associated with 
omission of a key cost driver 
Development of historical cost data by well 
defined Work Breakdown Structure (WBS) 
2 Mis-specification of the form of 
the model equation 
Careful review of in-house and industrial 
data 
3 Modelling limitations associated 
with a lack of data 
Expert opinion and availability of relevant 
data 
4 Data consistency across 
multiple project databases 
WBS which are standardised across 
projects; the definition of system 
engineering and project management 
should be consistent for the cost model  
(Source: NASA, 1995) 
 
Sometimes, the uncertainties arise as a consequence of human behaviour.  For example, 
factors such as omission of key element, or miss-specifications could be a result of the 
professional estimator not being meticulous in their work.  This therefore, reinforces the 
importance of the attitude of the professional estimator in discharging their roles.  The 
mitigation measures identified against the risk associated with lack of data often involve 
human judgement.  Such judgement is influenced by the general behaviour 
characteristics of individuals, their decision-making orientations as well as their level and 
scope of professional experience.  Valid CERs have to be based on sound statistical 
concepts for them to provide the strengths that attend their use.  NASA (1995) identified 
the strengths and weaknesses of CERs and these are presented in Table 2.2. 
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Table 2.2: Strengths and Weakness of CERs 
Item Strength Weakness 
1 CERs are quick and easy to use.   CERs are sometimes too simplistic to forecast 
costs.   
Generally, if one has detailed information, the 
detail may be reliably used for estimates. 
If available, another estimating approach may 
be selected rather than a CER. 
2 CERs can be used with limited 
system information.   
Problems with the database may mean that a 
particular CER should not be used. 
While the analyst developing a CER should 
validate that CER. 
Source documentation used in cost model will 
have to be reviewed prior to usage of the 
model. 
3 CER derived from an accurate 
database can be relied upon to 
produce quality estimates. 
 
(Source: NASA, 1995) 
 
2.6.1.2 Parametric Cost Model 
This is group of cost estimating relationships used together to estimate entire cost 
proposals or significant portions of the project.  The technique relies on linkages that 
include many inter-related CER, reflecting both cost-to-cost and cost-to-non-cost 
dependencies.  The parametric cost model is used by the government of the United 
States of America and the contractors in planning, and budgeting for projects and 
programmes.  The technique enables government contractors to expedite the production 
of early project estimates by using proven models that rely on parametric techniques. 
 
2.6.1.3 Cost Realism 
Cost realism is the system of logic, the assumptions about the future, and the 
reasonableness of the historical basis adopted for establishing an estimate for a project.  
NASA (1995) presented some of the cost realism factors applied in their use of parametric 
cost estimating as follows: 
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i. Reasonableness of the assumptions used in the estimating process; 
ii. Normalisation of the historical database used to account for external and contextual 
parameters such as inflation; 
iii. Logical basis of the cost estimate regarding the sense it makes in the context of the 
hardware or software product or service being estimated; 
iv. Managing biases that the estimate may display toward being too low or too high; 
v. Managing organisational motivation to produce an inordinately high or low estimate 
in order to serve their individual purposes other than that of the project; and 
vi. Misuse of the historical basis data by “cherry picking” to ensure the cost estimate 
obtained is unreasonably high (contractor) or unreasonably low (auditor or 
government customer). 
 
The nature of response to these realism factors is often more subjective than the 
objective aspirations of CER, and can have a significant impact on the reliability of cost 
estimates produce from parametric cost estimating.  Notwithstanding this obvious 
subjective influence reflected by the listed realism factors above, the technique of 
estimating by this method often ignores the effect that endogenous factors associated 
with the behavioural characteristics of professionals in their decision-making orientation.  
The inclusion of such endogenous factors in the technique could contribute to a more 
reliable cost estimate. 
 
2.6.2 Interpretation of “Quality” 
The importance of quality in estimating for manufacturing facilities was emphasised by 
Render et al. (2005).  Render et al. (2005) investigated what constitutes good 
manufacturing practices in the validation of constructed pharmaceutical facilities.  They 
concluded that the success of manufacturing facilities is determined by time of 
completion, cost of facility and quality.  They further argued that quality is difficult feature 
to measure and its “...meaning ... can be elusive, and ... is at the root of the problem of 
successful validation of pharmaceutical buildings” (Render et al., 2005).  According to 
Render et al. (2005), construction project managers consider quality as a measure of 
workmanship whiles in the manufacturing sector it is considered in terms of assurance 
and regulatory compliance.  Render et al. (2005) concluded that the under-estimation of 
the input cost by the construction project manager is often due to the differences in the 
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meaning of what constitutes quality.  The research of Render et al. (2005) shows the 
importance of the definitions on the reliability of manufacturing facilities. 
 
 
2.7 PROJECT COST CONTINGENCY  
The occurrence of inadequate project cost estimates for projects implemented in the 
construction industry is a common phenomenon (Skitmore and Marston, 1999).  Such 
inadequacy in the estimates usually leads to cost overruns on projects.  The inability of 
the client to pay for unbudgeted overruns is often the source of friction between clients 
and contractors on the issue of price or budget variations.  Although the causes of project 
cost overrun are well known, the methodology used in handling its evaluation, especially 
with regard to contingency allocation on projects is at best described as inadequate 
(Sohail and Edum-Fotwe, 2000).  The use of contingency in construction provides a clear 
and tacit acknowledgement of the perennial problem of inadequate project cost estimates 
compared with the final cost in the delivery of construction projects. 
 
Contingency allowances are established in order to compensate for the unfavourable 
decisions that cause unreliability in project cost estimate.  The difference between the 
budget and the final cost of projects is attributed to the effect of the inaccuracies in the 
budget produced on the project.  In particular, while the establishment of budget 
estimates for projects is often conducted from first principles, the allocation of contingency 
to account for possible cost overrun is either a lump sum or a simple percentage.  
Understanding the nature and factors that account for the inaccuracies in project cost 
estimates will assist in establishing more reliable project costs.  Equally, an appreciation 
of the relationship between project budget estimates and final budget for completed 
projects should provide insights on the general profile of budget contingency to adopt for 
different scales of projects (Assaf et al., 1995; Sultan, 1999).  
 
Contingency allowances are provided in estimates of project costs to cater for events 
unforeseen during estimating.  The use of contingency sums on project cost has no 
scientific basis.  Causes of cost inaccuracies in project cost estimates are covered 
relatively well from the physical perspective.  However, there are little published data on 
the basis of contingency allocation on projects to compensate for the unfavourable 
deviations from the estimated cost of projects from the budget.  The amount provided for 
contingency sums in project cost estimates is dependent on the experience of the 
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estimator, and the extent to which the estimator manages the project cost data on past 
projects.  Afetornu (2005) made an attempt to establish such a framework for allocation of 
contingency sums on projects in order to obtain more certainty on cost of projects.  
Afetornu (2005) employed forty past projects from the road sector of Ghana.  The cost 
data from the forty (40) past projects were modelled to produce a relationship between 
estimated project cost and the contingency allowance on the project at completion. 
 
 
2.8 SUMMARY 
The literature review in this chapter has identified several factors that influence reliability 
of project cost estimates.  These factors can be categorised either as exogenous or 
endogenous to the estimator.  The review has revealed that the work of most previous 
authors and researchers on the causes of unreliability in construction cost estimates 
predominantly addressed the exogenous or external dimension.  The external factors 
identified in the review include conditions in the work environment, inflation, actions and 
inactions of other parties to the construction contract, availability and reliability of 
information on projects and pre contract planning.  Other factors identified include, 
reliability of design drawings, workload, project Management, availability and reliability of 
cost data, maintenance level on equipment, availability and adequate number of 
experienced estimators, pressures from superiors, risk and procurement type.  The review 
demonstrated that while efforts have been made in construction to address the identified 
exogenous factors, unreliable estimates still affects the sector.  Equally, the effects of 
unreliable project cost estimates are still attend most projects within the manufacturing 
and IT industries, where more mathematical and objective options are employed for 
estimating.  The argument therefore, is that the residual contribution to unreliable project 
estimates may well lie beyond the current consideration of external factors that most 
studies have addressed. 
 
The review also established measures to mitigate the effects of the exogenous factors on 
reliability of construction cost estimates.  Some of the measures identified include proper 
project management, adequate number and calibre of estimators, clear and defined brief 
from clients, detailed working drawings, well structured planning of work environment, and 
proper project management from parties on the project and their representatives. 
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The availability of technologies such as Building Information Model (BIM) is fostering 
opportunities for a minimisation of the influence on estimating reliability from 
undependable project information.  However, continuous existence of unreliable estimates 
in recent times identified in the review provides strong evidence that the technological 
solution BIM presents can achieve a faster programming of the estimates and not 
necessarily its reliability.   
 
The review demonstrates that the „missing link‟ in achieving reliable estimates could well 
be the influence of the endogenous factors associated with the estimator.  The review 
revealed that there was no evidence of any investigator addressing the influence of these 
internal factors on reliability.  Consequently, the focus of this research is to investigate the 
influence of these endogenous factors on the reliability of project cost estimates. 
 
The next chapter will explore how these practices and concepts reflect in the environment 
from which data is sourced for this study, and would entail a detailed coverage of 
estimating practices in Ghana.  It would also address how current estimating practices in 
the country affect the reliability of project cost estimates.  Furthermore, it will identify 
contextual factors that make estimating in the country different from estimating in other 
economic contexts.  
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CHAPTER 3 
 
ESTIMATING PRACTICE IN GHANA 
 
3.0 OVERVIEW 
This chapter explores the estimating practices in Ghana and delves into the causes of 
unreliable project cost estimates in the construction sector of the country.  The chapter 
commences by portraying the importance of the construction sector to the national 
economy of Ghana.  This is followed by a review of the construction sector in Ghana with 
particular reference to the road sector.  The chapter also presents a discussion of the 
organisations responsible for the implementation of road projects in the public sector and 
addresses some of the shortcomings that contribute to unreliable cost estimates.  The 
chapter examines the estimating procedures in Ghana from both the private sector and 
the public sector perspective. 
 
 
3.1 GHANA IN CONTEXT 
Ghana is located in West Africa with its capital city as Accra.  The country sharea a 
boundary to the east with the Republic of Togo, on the west with Cote D‟ivoire, on the 
north with Burkina Faso and with a coastal boundary on the south by the Gulf of Guinea.  
Ghana is divided into ten (10) geographical regions.  Figure 3.1 shows the ten (10) 
geographical regions of Ghana.  
 
The sectors responsible for the construction sector in the public sector are divided into.  
Ministry of Roads and Highways is responsible for the roads and the related infrastructure 
whiles the Ministry of Natural Resources, Water Works and Housing is responsible for 
water and the related facilities.  The road sector alone accounted for nine percent (9%) of 
Ghana‟s Gross Domestic Product (GDP) in 2005 (NTPG, 2005).  This figure buttressed 
the importance that the government of Ghana attaches to the road sector.  Figure 3.1 
shows the map of Ghana indicating the ten (10) geographical regions and the trunk road 
network. 
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Figure 3.1: Map of Ghana (Regions and Trunk Roads network (Source: Ghana Highway Authority) 
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Ghana is a developing economy.  Infrastructure development is therefore, paramount for 
such a developing economy to achieve middle-income status, and therefore, calls for 
huge investments in infrastructure development.  Ghana has predominantly an 
agriculturally based economy.  Cash crops like cocoa, coffee and sheabutter have to be 
transported to the ports for export in order to earn foreign income for the development 
projects.  Similarly, the food crops have to be transported to the cities for the city dwellers 
in order for farmers and rural dwellers to earn revenue to improve their living standards.  
The transportation of these crops requires a network of good roads across the length and 
breadth of the country.  However, the road network in Ghana is rather inadequate to meet 
the transportation requirements due to a number of factors.  First, the condition of the 
existing network is best described as being in very deplorable state.  Second, the length 
of the network only caters for a third of the capacity that the country needs (MRH, 2010).  
Third, the class of major routes is limited, and often does not provide for alleviating routes 
should any link road between two major towns close down because of an emergency.  
This is evident from the road condition mix obtained from the Ministry of Roads and 
Highways of Ghana, the sector responsible for the development and maintenance of road 
infrastructure in Ghana.  Road network in Ghana is divided into three classes namely, 
urban roads, feeder roads and trunk roads.  Figures 3.2 and 3.3 show the road condition 
mix and network size of road portfolio in Ghana respectively. 
 
 
Figure 3.2 Condition Mix of Ghana’s Road Network (Source: Ministry of Roads and Highways-Ghana) 
  
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
Poor 45.5% 56.1% 48.0% 40.5% 36.7% 37.2% 32.1% 31.7% 32.2% 30.9%
Fair 25.8% 16.4% 21.1% 25.9% 27.8% 25.6% 29.3% 29.5% 26.4% 29.6%
Good 28.8% 27.5% 30.9% 33.5% 35.6% 37.2% 38.6% 38.8% 41.4% 39.6%
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Figure 3.2 shows that only 39.6% of the total road network was in good condition in 2009, 
having improved gradually from 27.5% in 2001.  However, a large proportion (60.4% of 
the road network in Ghana are in deplorable state and require upgrading.  In addition, the 
network size has increased over the years in each of the classes of road network as 
shown in Figure 3.3.  The government therefore, has to invest additional capital to 
improve these roads to benefit both the government and the public at large.  The level of 
economic development in any nation, particularly developing countries, could be seen 
from the level of its road infrastructure.  For example, the road sector alone accounted for 
a GDP contribution of 9% in Ghana (NTPG, 2005). 
 
 
Figure 3.3: Network size by Road Class (Source: Ministry of Roads and Highways –Ghana) 
 
The total portfolio of roads stood at 67,448km as at the end of 2009.  The network 
distribution by class as at 2009 was 18.38% for urban roads, 62.58% for feeder roads and 
19.04% for trunk roads. 
 
The surface type of roads in Ghana is mainly gravel and unpaved.  Figure 3.4 presents 
the proportion of the surface type for the road network in Ghana.  Just as it is in many 
other developing economies, availability of funds has inhibited the paving of the road 
network due high cost required for paved carriageway.  Given the volume of the various 
road types, the demand for road projects for both new and upgrade schemes, far 
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outweighs the funds available.  To satisfy the greater majority of the communities with the 
limited funds, unpaved roads are mostly constructed.  The paved roads in Ghana cover 
the trunk roads and urban roads although some of the feeder roads network is paved.   
 
 
Figure 3.4: Surface Type of Road Network (Source: Ministry of Roads and Highways, Ghana) 
 
In Ghana, the construction sector employs a relatively large number of people.  The 
activities in the construction sector directly affect other sectors of the economy.  The 
government therefore, often uses the construction sector as a regulator for the economy 
of Ghana.  If there is a low economic activity, the government increases spending on 
construction to create growth for the economy.  On the other hand, if there are inflationary 
pressures or the economy is overheating because of high activity, the government 
reduces spending in the construction sector in an attempt to reduce money in circulation.  
Therefore, the importance of the construction sector to the government could not be 
overemphasised.   
 
 
3.2 REVIEW OF THE ROAD SECTOR IN GHANA 
In Ghana, the transport system serves as the nucleus for the socio-economic 
development of the nation.  The road sector, which forms the backbone of the transport 
system in Ghana, is regulated by the Ministry of Roads and Highways.  The main function 
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of the Ministry is policy formulation.  The Ministry has three (3) Agencies under its 
jurisdiction.  These are: 
 
i. Ghana Highways Authority (GHA); 
ii. Department of Urban Roads (DUR); and 
iii. Department of Feeder Roads. (DFR). 
 
The Agencies are responsible for the development and maintenance of the roads and its 
related infrastructure in Ghana.  The tables and figures including other relevant 
information used for the review were obtained from the Government database of the 
Ministry of Roads and Highways in Ghana.  The subsequent sections examine the 
functions of the Ministry and its Agencies with particular emphasis on estimating practices 
in Ghana. 
 
3.2.1 Ministry of Roads and Highways 
Similar to all transport systems worldwide, the road system in Ghana is a national asset 
that contributes to the socio-economic development of the nation.  In recognition of its 
economic importance, the Government of Ghana in 2009 created the Ministry of Roads 
and Highways from the combined Ministry of Transportation (GoG, 2009).  This was 
aimed at ensuring efficiency in the administration of the road network in Ghana through a 
single Ministry with sole responsibility for the roads and the associated infrastructure.  The 
rationale for the new establishment was to ensure that a Minister who can carry out the 
political programme of the government heads the new Ministry.   
 
The Minister is appointed by the President of the Republic of Ghana, and is assisted by a 
deputy who is also appointed by the President.  The technical team of the Ministry is 
headed by the Chief Director.  The vision and mission statements that drive the activities 
of the Ministry are summarised in the subsequent sections. 
 
3.2.1.1 Vision and Mission Statements 
The vision of the Ministry of Roads and Highways of Ghana is to make the road network 
in the country all weather roads that create easy accessibility in the country to facilitate 
quick economic activities (MRH, 2009).   
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The mission statement of the Ministry is to provide an integrated, well managed and 
sustainable transport infrastructure to meet national objectives.  To achieve the vision and 
mission of the Ministry, policies have been formulated to facilitate the realisation of the 
objectives adopted for the sector, which is listed below. 
 
i. Develop in-country capacity for Government institutions and the private sector 
manage the road network efficiently. 
ii. Ensure sustainable funding of the sector programme. 
iii. Make investment decisions by taking account of sound socio-economic and 
sustainable environment factors. 
iv. Enhance operational efficiency of the road network to promote economic delivery 
of social services. 
v. Integrate road network with other modes of transport, with a view to achieve 
greater efficiency for the use of the network. 
vi. Develop comprehensive road safety programme. 
vii. Mitigate negative environmental and social impact of the road and other transport 
related activities. 
 
Like all other sectors of the economy of Ghana, the road sub-sector performs its 
functional responsibilities based upon the above policy guidelines.  
 
3.2.1.2 Directorates of the Ministry 
In order to harmonise the activities within the Ministry towards achieving its goals and 
objectives, the responsibilities of officers in the Ministry have been categorised into units 
based upon their functional roles (GoG, 2009).  Each unit is called a Directorate and 
headed by a Director.  The technical head of the Ministry is the Chief Director, to whom all 
the other directors report.  There are seven (7) directorates in the Ministry and these are: 
 
i. Administration 
ii. Procurement 
iii. Policy and Planning 
iv. Monitoring and Evaluation 
v. Human Resource Development 
vi. Research, and 
vii. Finance 
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For the purposes of understanding estimating practices in Ghana, the study focused only 
on the activities of the Procurement Directorate, which has the direct responsibility for 
ensuring that good practices are incorporated in the estimating practices of the roads 
sector.  The Procurement Directorate is responsible for all pre-contract activities in the 
Ministry and its Agencies (GoG, 2009).  The Procurement Directorate reviews all the pre-
contract activities, such as:  
 
 preparation of Tender documents for goods and works;  
 preparation of Request for Proposal documents for Consulting services;  
 evaluation reports for works, goods, and services;  
 evaluation designs; and  
 preparation of project budget for use by the Central Government through the Ministry 
of Finance and Economic Planning in the preparation of the country‟s fiscal policies. 
 
The reliability of the budget submitted to the Ministry of Finance and Economic Planning 
is dependent on the reliability of the cost estimates produced for the various proposed 
project activities in a given budgetary round.  Cost estimates are produced in Ghana from 
the first principles.  This, therefore, requires adequate calibre and number of experienced 
estimators for the realisation of a desired level of reliability.  The available staff that meets 
the above requirements from each of the implementing Agencies and the resultant impact 
on reliability of cost estimates from the activities of these staff are discussed the 
subsequent sections of this chapter. 
 
The organisational structure of the Ministry shows the relationship between the 
Procurement Directorate and other Directorates.  The existence of the lateral relationship 
improves the interaction with the other directorates.  In particular, supporting activities 
such as recruitment for the procurement directorate and training programmes that the 
directorates organises to facilitate the realisation of reliable project estimates receive fast 
attention once approved at directorate level.  The responsibility of the procurement 
directorate among others is to ensure that estimating processes are uniform in all the 
Agencies under the Ministry.  The procurement directorate is also responsible for all 
aspects pertaining project costs and estimating.  Figure 3.5 shows the organisational 
structure of the Ministry of Roads and Highways in Ghana.  The subsequent sections 
review each of the implementing Agencies under the Ministry in relation to how estimating 
activities are conducted. 
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Figure 3.5: Organisational Structure of Ministry of Roads and Highways (Source: Ministry of Roads and Highways of Ghana) 
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3.2.2 Ghana Highway Authority 
Ghana Highway Authority (GHA) was established in December 1974.  The Ghana 
Highway Authority is charged with the responsibility for administration, development, 
and maintenance of trunk roads and related facilities in Ghana.  GHA is the largest of 
all the agencies under the Ministry (MRH, 2009).  The vision and mission statements 
of the Ghana Highway Authority are as follows. 
 
3.2.2.1 Vision and Mission Statement 
The vision of Ghana Highway Authority is to ensure that Ghana has a smooth 
economic and reliable trunk road network compatible with the minimisation of road 
accidents (MRH, 2009).  The mission statement is to provide a safe and reliable trunk 
road network at optimal cost, with the use of modern technology in road building and 
new income-generation to facilitate socio-economic development in Ghana. 
 
Ghana Highway Authority has developed broad policy objectives to accelerate the 
realisation of the mission and vision statements.  These are to: 
 
i. maximise the benefits from existing and planned highway investments in 
order to network at its optimal mix, such that the total road transport cost 
(construction, maintenance, and operation) is at a minimum; 
ii. achieve a high level of quality in the design, construction, and maintenance of 
roads and to pay attention to safety and environmental issues for the roads 
sector; 
iii. train and develop adequate levels of manpower in order to keep them well 
informed of their roles, responsibilities and accountability, and to enable them 
make good decisions as well as become dedicated to the continuous 
improvement of the trunk road network in Ghana; and 
iv. help expand local construction capacity to support highway development and 
maintenance. 
 
3.2.2.2 Structure of Ghana Highway Authority 
The structure of Ghana Highways Authority (GHA) and its relationship with estimating 
practices is discussed in the subsequent section. 
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Board of Directors 
Ghana Highway Authority is governed by a Board of Directors.  The board is made 
up of ten (10) members, consisting of a chairperson, the chief executive (head of 
GHA), and eight (8) others (MRH, 2009). 
 
The Directorate 
The head of the Ghana Highway Authority is designated as Chief Executive, and is 
assisted by three (3) Deputy Chief Executives.  These are Deputy Chief Executive 
(Administration), Deputy Chief Executive (Development), and Deputy Chief Executive 
(Maintenance) in accordance with their functional roles and responsibilities.  The 
Chief Executive and the three (3) deputies are responsible for the operational 
activities of the GHA, and implement the strategic decisions of the board of directors.  
 
Departments 
The Ghana Highway Authority (GHA) has three (3) main departments.  These are 
Administration, Development and Maintenance.  These three departments together 
with the regional offices are responsible for the implementation of the policies and 
projects of GHA.  The divisions in each of the three departments are listed in the next 
section, and the departments and divisions responsible for estimating practices in 
GHA are discussed in much more detail.  Figure 3.6 shows the organisational 
structure of the Ghana Highway Authority (GHA). 
 
Administration Department 
The Administration department is comprised of seven (7) divisions.  These are: 
 
i. Human resource;  
ii. Training and development;  
iii. Finance; 
iv. Legal; 
v. Public affairs;  
vi. Internal Audit; and  
vii. Management Information System (MIS).  
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Figure 3.6: Organisational Structure of Ghana Highways Authority (Source: Ghana Highways Authority, Ghana) 
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Human Resource (HR) 
The HR division is responsible for developing and recommending policies to address 
personnel planning, enlistment, promotions and replacement of staff.  It is also 
responsible for maintaining a labour relations programme for achieving a stable 
working relationship between the Authority (Executive) and its employees.  There is 
lateral relationship between this division and the division responsible for estimating.  
This is to ensure interaction between the two divisions to ensure that the appropriate 
types and calibre of staff are recruited for the estimating division. 
 
Training and Development Division 
The Training and Development Division is charged with the responsibility of 
identifying the training needs of staff, organising and supervising the development 
and implementation of skills programmes aimed at tackling the training needs of staff.  
This division liaises with the estimating division in order to put together training 
programmes to improve the calibre of estimating staff. 
 
Development Department 
The development department has six (6) divisions. 
 
i. Design 
ii. Materials 
iii. Contracts 
iv. Bridges 
v. Road safety and environment 
 
Maintenance Department 
The maintenance department has the following three divisions. 
 
i. Plant and Equipment 
ii. Road maintenance 
iii. Stores and Supplies 
 
Regional offices 
Ghana is organised into ten (10) geographical regions for effective political 
administration of the country.  Ghana Highway Authority has offices in all the (10) 
geographical regions of Ghana and the head of the regional offices is designated as 
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Regional Highway Director.  The Development and Maintenance departments 
together are responsible for all the pre- and post-contract activities in the Ghana 
Highway Authority.  The pre-contract activities include the preparation of cost 
estimates for the designated road project and related costing required for approval of 
a proposed scheme.  In the GHA, estimating is prepared from the first principles.  
The estimating practice in Ghana Highway Authority is the same as what pertains in 
the Ministry and the rest of the Agencies under the Ministry.  Again, the staff strength 
of GHA in respect to experienced estimators, is very low.  The details of the number 
of experienced estimators as against the number of projects for which cost estimates 
are prepared for is shown and discussed in the subsequent section of this chapter.   
 
3.2.3 Department Of Feeder Roads 
The Department of Feeder Roads (DFR) was created in 1981 as a separate agency 
from the Ghana Highway Authority (GHA) to administer the feeder roads network.  
Feeder roads comprise mainly rural roads in Ghana.  The setting up of the DFR was 
to have a department whose essential focus is on the rural roads network to ensure 
effectiveness of, as well as improvement in the transportation of agricultural produce.  
The Department of Feeder Roads has a developed vision and mission to propel its 
strategic and operational activities. 
 
3.2.3.1 Vision and Mission of DFR 
The vision of DFR is to realise a decentralized feeder roads network ensuring that all 
rural communities are provided with road access to enhance the social and economic 
well-being of citizens (DFR, 2010).  The mission of the Department is to ensure 
provision of adequate and accessible feeder roads at optimum cost.  This is 
addressed by using competitive and effective planning, development, rehabilitation 
and maintenance to achieve efficient movement of people, goods and services, as 
well as promote socio-economic development of rural communities and the 
agricultural sector. 
 
The DFR is guided by a set of key objectives in pursuance of its mission statement 
that can be summarised as follows. 
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 To provide improved access for the movement of people to facilitate the 
promotion of economic activities and road access to rural communities.  
 To protect investment made on improved roads maintenance system. 
 To provide employment opportunities for rural poor through the greater use of 
labour-based road construction technology.  
 To use sound economic principles as decision criteria for investment 
programmes in the rehabilitation and construction activities of road schemes.  
 To improve the institutional capacity of DFR to site its programmes. 
 To engage expects to provide specialised technical services. 
 To implement measures to mitigate the negative environmental schemes.  
 To assist in the development of the technical capacities of the District 
Assemblies (DA‟s). 
 To facilitate the decentralisation process and for the effective maintenance of 
feeder roads. 
 To assist the District/Municipal assemblies in the prioritisation of roads for 
maintenance using the Road Prioritisation Methodology.  
 To address the levels of poverty and gender issues in the respective districts. 
 To assist in the expansion and enforcement of core labour standards. 
 
The implementation of these objectives are best appreciated by providing an analysis 
of the strengths and weaknesses of DFR. 
 
3.2.3.2 SWOT Analysis of DFR 
In delivering its objectives, the Department of Feeder Roads is affected by a number 
of factors, some of which produce a positive outcome while others present a negative 
consequence for the department.  A SWOT analysis was performed on the DFR by a 
consultant to identify factors that contribute negatively to the achievement of its 
objectives, and also to strengthen those that DFR has performed relatively well.  This 
was conducted against the background of numerous cost overruns experienced on 
most projects executed by the department (GoG, 2009).  In one sense, the cost 
overruns are deemed as the result of unreliable project cost estimates among others.  
Figure 3.7 shows the organisational structure of the Department of Feeder Roads, 
and forms the basis of the results from the SWOT Analysis, as well as its reflection of 
reliability for project cost estimates.  The key features from the SWOT are discussed 
below.   
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Figure 3.7: Organisational Structure of Department of Feeder Roads (Source: Department of Feeder Roads –Ghana) 
 
DIRECTOR
DEPARTMENT OF FEEDER ROADS
Dep Dir 
Maintenance
 
Secretary
 
Regional Engineers
 
Dep. Dir. Pig and 
Performance
 
Head Internal 
Audit
 
Dep. Dir. 
Development
 
Prog.  Mgr. Prog. Mgr
Prog Mgr. 
Bidders
Cont Mgr 
Dev
Secretary
Plg and 
Performance Mgr
Proc 
Manager
Mgt A/c
HR and 
Adm Mgr
Facilities 
officer
Transp 
Officer
Transp 
Officer
Mgt A/c
Hr and Adm 
Mgr
Proc MgrPlg and 
Performance Mgr
Account 
Officer
Plg and 
Performance 
Mgr
Plg and 
Performance 
Mgr
IT
Inft.
Mgr
Office
Adm
And
Roads
Plannning
Mgt
Data
Base
Mgr
DEPARTMENT OF FEEDER ROADS
ORGANISATIONAL CHART
Secretary Secretary
 94 
The factors that account for the strength of the department were 
 
i. Loyalty and commitment of management and staff. 
ii. Ability to appropriate land for road construction. 
iii. Donor attraction to rural development programmes. 
iv. The ability to implement cost effective road construction and maintenance by 
appropriating key technologies and solutions. 
 
The weaknesses identified in the findings were 
 
i. Limited financial resources for achieving set targets. 
ii. The provision of rural roads as social service which does not contribute 
revenue. 
iii. Inadequate in-house capacity for contract supervision. 
iv. Inadequate number and calibre of experienced estimators. 
v. Under-motivated staff as a result of poor remuneration. 
vi. Inadequate database for effective planning. 
vii. Weak accounting systems resulting in inability to meet expenditure and report 
schedules. 
viii. The rapid deterioration of gravel surface roads resulting in demand for funds 
not budgeted for. 
 
The findings from the exercise identified some opportunities which if utilised would 
improve the overall performance of the department.  These were 
 
i. Availability of private sector consultancy firms for provision of supervision.  
ii. Availability of Donor support for feeder roads rehabilitation. 
iii. Increases in the road fund allocation to support feeder roads maintenance. 
 
Notwithstanding the identified strengths and opportunities, the department also has 
some threats that required medium to long-term attention, which are outlined below. 
 
i. Over-reliance on donor support 
ii. Premature takeover of DFR district offices by the District Assemblies as a 
result of the national government decentralisation programme 
iii. Inability to recruit due to the combined effect of control measures put in place 
by the government and poor staff remuneration 
 95 
 
The estimating practice in the Department of Feeder Roads follows the same 
procedure in Ghana Highway Authority and that of the Ministry.  The estimating unit 
of the Department of Feeder Roads is headed by a Chief Quantity Surveyor.  The 
Chief Quantity Surveyor has very limited number of experienced estimating staff 
supporting the function of the unit.  The Department of Feeder Roads executes, on 
average, five hundred and fifty (550) projects annually (DFR, 2008).  This is against 
the backdrop of estimating from the first principles, which requires a considerable 
amount of time to programme each estimate, representing a high workload to staff 
ratio.  The high workload to staff ratio in the Department of Feeder Roads is often the 
cause of stress on the limited experienced staff.  It is frequently the root of negative 
and inadequacy in decision-making by the estimator.  The effect of this high ratio on 
the behaviour characteristics of the individual estimator in decision-making and its 
consequential influence on reliability of project cost estimates. 
 
3.2.4 Department of Urban Roads 
The Department of Urban Roads (DUR) is responsible for the administration, 
development and maintenance of urban roads and related facilities (MRH, 2009).  
The vision and mission statements of DUR are presented in the subsequent section. 
 
3.2.4.1 Vision and Mission Statement 
The vision of the DUR reflects a commitment to the creation of decentralised road 
units in the Metropolitan assemblies for the provision and management of urban 
roads to support a quality transport system.  The mission statement of Department of 
Urban Roads is to assist in building capacity in the Metropolitan and District 
Assemblies, to provide a quality road-transport system for the efficient and safe 
mobility of goods and people.  To achieve its vision and mission, the following 
specific objectives were set up to enable effective working of the department (DUR, 
2010). 
 
i. To reduce the average travel time on the arterial roads in each city. 
ii. To progressively reduce the walking and waiting time for public transport to 
communities in each city. 
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iii. To strengthen the capacity of the Metropolitan and District assemblies to 
manage the road operations of the transport system in each city. 
iv. To develop and apply social, economic and environmental criteria in project 
selection. 
v. To progressively improve the environmental conditions for all roads in the city. 
vi. To collaborate with other institutions to reduce the number of traffic-related 
accidents resulting in deaths and serious injuries within the urban areas. 
vii. To progressively improve the proportion of the road network in good condition 
especially in low income and newly developing communities. 
 
3.2.4.2 SWOT Analysis for DUR 
In order to analyse the performance of the department with reference to its 
programmes, a consultant was engaged to perform a SWOT analysis of its 
operational and strategic circumstances (DUR, 2009).  The salient elements from the 
exercise are discussed in the subsequent sections. 
 
The factors accounting for the strength of the department were 
 
i. A dedicated and youthful staff with desire to innovate. 
ii. Ability to relate to the public and other stakeholders creating a good 
relationship between the department and its principal stakeholders. 
 
The factors identified as weaknesses were 
 
i. Replacement of vehicles and office facilities required for effective delivery of 
the programmes adopted by the department. 
ii. Inadequate number and calibre of estimating staff. 
 
The following are opportunities identified for the department.  The rationale is that 
effective exploitation of the opportunities would lead to improvement in the 
performance of the department in general, and more specifically, the reliability of 
project cost estimates it produces. 
 
i. There is the political goodwill from parliamentarians and assemblies to 
support the provision of transport infrastructure and services. 
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ii. There is capacity available, both locally and internationally to support the 
implementation of the programmes adopted by the department. 
 
The following findings were the dominant threats that were seen as a diminution for 
the realisation of reliable project estimates. 
 
i. Low salaries of employees. 
ii. Uncontrolled land use practices within the cities. 
iii. Inadequate enforcement of road traffic regulations. 
iv. Inadequate quality delivery from some contractors. 
 
The exercise also resulted in the proposal of strategies targeted at the effects of the 
weaknesses and threats indicated above.  These are 
 
i. DUR should undertake regular discussions with the Police, Utility Agencies, 
and Estate developers to ensure effective enforcement of regulations. 
ii. DUR should implement training programmes to eliminate technical 
shortcomings for its supervisory staff. 
 
Estimating in the Department of Urban Roads is conducted through the first 
principles method as is in Ghana Highway Authority and Department of Feeder 
Roads.  In Department of Urban Roads, the insufficiency in the number of 
experienced estimators is even more pronounced as there is a relatively high number 
of youthful and inexperience staff.   
 
Estimating practices in the Department of Urban Roads and the measures that put in 
place to mitigate the high impact of the inexperience youthful staff on the reliability 
desired for in cost estimates are discussed in the subsequent sections of this 
chapter.  The Department of Urban Roads has a Head Office and operates in all the 
District and Municipal Assemblies in Ghana.  Recruitment is however, conducted in 
the Head Office for the District and Municipal Assembly Offices.  The Head Office 
has a Contract Manager who is responsible for all operational issues related to 
estimating in the Department.  Workload to estimating staff ratio is also high as it is in 
the other Agencies of the Ministry of Roads and Highways.  Figures 3.8 and 3.9 
respectively present the organisational structure of the Head Office and the District 
and Municipal Assembly Offices. 
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Figure 3.8: Organisational Structure of DUR Head Office (Source: Department of Urban Roads - DUR)  
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Figure 3.9: Organisational Structure of District/Municipal DUR Office (Source: Department of Feeder Roads-Ghana) 
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3.3 ESTIMATING IN ROAD SECTOR OF GHANA 
The estimating procedures adopted in Ghana are standardised for all the 
implementing Agencies under the Ministry of Roads and Highways.  The Ministry of 
Roads and Highways together with other Ministries that have substantial construction 
operations, such as Works and Housing, constitute the Government or public 
construction sector.  The group of estimators in the public construction sector employ 
similar practices.  The other group of estimators are the ones in the private 
construction sector, where practices may be similar but not standardised.  Estimating 
procedures are similar in both building and road sectors of the Ghanaian economy.  
In the two sectors, estimating is done from first principles.  In both cases, the inputs 
are labour, equipment and plant, and materials.  The cost of labour depends on 
output standards and all-in labour cost.  The cost of equipment depends on output 
rates and hourly cost of equipment and the cost of materials depend on quantity 
outputs and unit cost of the materials.  Other considerations such as profit and 
overheads, and inherit risk, are also similar.  Therefore, the conditions that emerge 
from any discussions of estimating procedures in the road sector could be applied in 
the building sector and other civil works. 
 
Construction activity in Ghana for which estimating is required can be is categorised 
into road, building, and civil schemes.  Bridges and related facilities are considered 
as part of the road schemes.  Apart from sewerage works and airports there is little 
civil works as airport pavements are classified under road schemes.  Roads 
therefore, form a major part of the economic contribution made by the construction 
sector in Ghana.  The major contribution from roads accounts for the concentration of 
the study in the road sector. 
 
3.3.1 Contribution of Estimating to National Economy 
The government of Ghana shares the importance of efficient management of 
construction as a contributor to the national economic growth.  The industry accounts 
for a significant proportion of employment in Ghana and therefore, has a sizeable 
influence on the macroeconomic performance of the country.  The construction 
industry is responsible for large percentage of the Gross Domestic Product (GDP).  
For example, the road sector alone accounted for 9% of GDP in 2005 for the country 
(NTPG, 2005).   
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On a socio-economic level, construction activities, in the form of labour-based 
technology, are commonly used in the rural areas to improve the living standards of 
the communities, and thus, reduce the rate of rural urban migration.  For such labour 
intensive methods to achieve the aspirations desired by the national government, the 
costing of schemes, need to be reliable and justifiable. 
 
Reliable forecasting of cost of future events is vital for the realisation of reliable 
estimates on projects.  Business executives in both private and public sectors of any 
economy depend heavily on these estimates in making their business decisions.  
Cost estimates therefore, form a key element in the planning and management of the 
project, and project staff expend considerable effort preparing them.  The ability to 
produce cost estimates to a reasonable level of reliability and in a timely fashion to 
support the efficient planning of a project is influenced by a number of factors.  Many 
researchers including Walker et al. (2010), Greenwood et al. (2008), Touran and 
Lopez (2006), Wong and Hui (2006), McCaffer and Edum-Fotwe (2005), Edwards 
and Bowen (2005), Tas and Yaman (2005); Williams (2003), Skitmore and Thomas 
(2002), all concur on the role estimating plays in planning and budgeting for any 
economy. 
 
The importance of reliable project cost estimates to the national economy is not 
unique to Ghana but shared worldwide.  For example in February, 2011, the Ministry 
of Defence (MOD) in the UK was criticized for not completing projects already 
initiated and causing financial loss to the state, since the objectives for a number of 
high profile projects could not be realised.  In response, the inability to complete the 
projects was associated directly with unreliable budgets estimated by professionals 
involved in the delivery of MOD projects (The Telegraph, 2011). 
 
In Ghana, road projects are funded directly by the government, or indirectly with 
monies from donors or both.  Projects that are donor funded often require additional 
stringent accountability rules beyond what the national government adopts for locally 
funded schemes.  The additional accountability rule has implications that pertain to 
the reliability of project costs as well as the running of the recipient economy.  Since 
the donor sources of funding are critical to the promotion of most of the major 
projects undertaken by the country, it is self-evident that cost estimates of proposed 
projects have to be reliable in order to avoid damaging the national credibility. 
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The practice of estimating from first principles for the cost of road projects in Ghana 
is done by determining the direct cost and indirect cost on the work activity under 
consideration.  The direct cost is obtain from the output standards of plant and 
machinery, all-in rates of labour, utilisation standards for materials and the prices of 
other inputs from the market.  In addition, percentages are applied to the above list of 
direct cost items to account for indirect cost and profit.  The procedures adopted in 
determining the direct and indirect cost in Ghana are discussed in much more detail 
within the subsequent sections.  The discussion covers procedures adopted by the 
public or Government sector as well as some of the peculiarities that pertain to the 
private sector. 
 
3.3.2 Estimating in Public or Government Sector 
The public sectors bodies responsible for estimating the cost of construction projects 
comprise two dominant clusters.  The first of the two clusters is responsible for 
architecturally oriented infrastructures such as building and civil engineering works 
excluding roads and related infrastructures, while the second addresses the road 
network (MRH, 2009).  The former includes Architectural and Engineering Services 
Limited (AESL), and the Ministry of Natural Resources, Water Works and Housing 
and the latter is the Ministry of Roads and Highways.  The procedures adopted in 
each of the categories are similar in that they all estimate cost of projects from the 
first principles.  Therefore, the estimating practices in the Ministry of Roads and 
Highways could be use as the representative of the estimating practices in Ghana in 
the construction sector.  Each of the cost elements are discussed in the subsequent 
section. 
 
3.3.2.1 Direct Cost  
Direct cost refers to the cost of construction inputs that is incorporated fully and 
wholly into the activity of the finished work.  These are costs associated with plant 
and machinery employed for the works, the materials incorporated into the works and 
labour used on the works.  In some organisations, the supervision cost of the 
contractor is included into the labour cost whiles others include it in the cost of 
overheads of the project when building up the unit rate of the various work items in 
the project from the first principles.  However, whichever method is adopted for the 
supervision cost, it is always included in the rate built-up for the preparation of the 
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project cost estimate.  In the public sector of which the Ministry of Roads and 
Highways has the oversight responsibility for the road sector, the supervision cost of 
the contractor is accounted for as part of the cost of overheads when deriving the unit 
rates from first principles. 
 
The supervision cost to the client is also included in the rate build-up from first 
principles (MRH, 1987).  This approach is adopted irrespective of whether the client 
employs an external consultant to execute the service or does it in-house through the 
staff in its various Agencies.  This cost is however, included in the total cost of the 
facility be it road or any other infrastructure.  The direct costs included in the unit rate 
build-up are obtained from a number of sources.  These sources are discussed in 
detail in the subsequent section of this chapter for each cost component. 
 
Plant and Machinery Cost 
Equipment and tools are required to install the materials in road construction and for 
that matter in the whole of the construction industry in Ghana.  The equipment usage 
relationship with the materials is often obtained from data provided by manufacturers 
and stored in cost libraries or databases.  The usefulness of the database however, 
depends on its frequency of review and update.  In the road sector of Ghana, the 
resource input for equipment utilisation is estimated on activity basis.  In countries 
where the manufacture of plant and equipment for road construction is not local, the 
users of these machines and equipments depend on the specifications in the 
manufactures manual.  The use of the output standards in the manual from the 
manufacturer in most cases does not give the true representation of the actual 
outputs of those equipments.  This is because the geographical terrain upon which 
the study is conducted for establishing the utilisation rating of the machine differs 
from region to region.  The output standards of any equipment and machinery will 
differ significantly in the tropics where temperatures are as high as 45 degrees 
Celsius to the places where temperatures fall below freezing point. 
 
The equipment and machinery imported into many developing economies by the 
private contractors are often ones that have been previously used in the developed 
economies.  The efficiency of these equipments reduces with age.  Therefore, the 
output standards from the manufacturers manual for those used equipments and 
machinery do not reflect the real situation prevailing on the project site where the 
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equipment and machinery are employed.  No local data on utilisation is compiled that 
provides accurate and relevant utilisation information for the equipment and 
machinery.  In the absence of a credible alternative, the output standards of the 
original equipment manufacturer are the most practitioners would apply in estimating 
cost for a project. 
 
In 1975, there was a work-study initiative conducted in Ghana on the utilisation of 
basic equipments employed for road construction (MRH, 1987).  The findings of that 
study have since been applied for estimating the cost of road projects in Ghana with 
no alteration to account for changes in work conditions and methods.  The use of the 
rather dated information in recent times has had a negative impact on the reliability of 
project estimates.  This is due to the fact that recent significant improvements in 
technology has produced greater efficiency for construction plant and equipments.  It 
is therefore expected that the output standards of these plant and equipments will 
increase when compared with the output standards from the 1975 studies.  
Furthermore, advances achieved in fuel utilisation for plant equipment has led to the 
transformation of the utilisation rates for these machinery.  The use of the newer high 
output standards in estimating the cost of road projects in Ghana should lead to the 
minimisation of project cost overruns.  The situation is however, not as expected.  
Rather the cost at completion is still high when compared with the initial budget.  This 
is an indication that the problem is beyond the reliability of the data used in the 
estimating. 
 
Part of the reason why most contractors in developing economies own used 
equipments from the developed economies is due to the turnover of the local 
companies have, which could not sustain the acquisition of new pieces of equipment.  
Typically, these contractors find it difficult to obtain loans from the banks for their 
business.  The difficulty arises from the demand for collateral from the banks which 
most of these local companies are unable to provide.  Furthermore, the interest rates 
on business loans from the banks are relatively high at an average of thirty percent 
(The Ghanaian Journal, 2011).  These factors inhibit the growth of small and medium 
size companies in developing economies such as Ghana and leaving them with 
limited capacity. 
 
The use of output standards from either the manufacturers manual or the data from 
1975 studies do not adequately represent the contemporary conditions of the 
equipments that are employed in the road sector of Ghana.  The equipment existing 
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in 1975 when the studies were conducted were either modified with the advancement 
in technology or taken out from production.  The effect of the changes in 
circumstances for the use of these plants on the reliability of cost estimates therefore 
becomes significant.  The differences contribute to unreliable project cost estimates 
in Ghana.  Figure 3.10 shows the behaviour of the cost estimate as the result of the 
differences in the data as against the actual that the equipment produces at the 
project site. 
 
 
Figure 3.10: Cost versus Output Standards in Road Sector of Ghana 
 
From Figure 3.10, output standard B produces cost estimate C, whiles output 
standard A produces cost estimate D, and illustrates the real situation in Ghana.  
Efficiency of the equipment improves with technological advancement.  Logically 
therefore, cost estimates should be lower with the use of more efficient equipment 
than lesser efficient equipment.  From figure 3.10 output standard A represents the 
data form 1975 studies and B represent data from the use of more efficient 
equipment and machinery due to the advances in technology.  Output standard A 
produce cost estimate D which is higher than cost estimate C produce from output 
standard B assuming all other factors are the same.  This is an indication that the 
cost estimates on road projects can be said to be on the higher side in Ghana.  
However, cost overruns are still experienced on most projects in Ghana due to 
unreliable project estimates. 
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The output data established by the public sector in 1975 is the only source of data in 
the road sector for calculating outputs of equipment and machinery.  The private 
sector depends heavily on the same data in project cost estimating.  In direct contrast 
to what pertains in the United Kingdom for example, the data on equipment and 
machinery are reviewed periodically.  Such reviews ensure that the performance data 
reflects real and changing situation at any point in time.  The current situation in the 
road sector in Ghana is however, undergoing a major review.  Workshops have 
already been organised to address how to conduct a detailed work-study for the 
development of new output standards in the road sector (MRH, 1987).  The initiative 
for the review plan was a result of the findings from the literature review of the 
research study that formed the foundation of this thesis.  The key findings from the 
overall research study will therefore, feed into the review exercise to inform how the 
sector should address dependability of equipment and machinery output data in 
order to improve project cost reliability. 
 
Material Cost  
In general, material costs exclude the mark-up for handling by the contractor.  To 
establish the basic costs of materials, estimators collate prices from a series of 
market surveys.  Cost information is readily available and often reflects the true price 
situation prevailing in the open market at any given time.  In addition, the utilisation 
standards for materials are computed for each work activity.  The cost of the material 
component in any activity can therefore, be obtained with a reasonable degree of 
reliability.  The limitation to the degree of reliability arises from arbitrary increases in 
open market prices of materials and is often the source of worry to all stakeholders in 
the construction industry.  The problems of frequent increases in material prices are 
more pronounced in the developing economies than in developed economies due to 
instability of the currencies in developing economies.  The effect of such increases 
can be seen in the use of fixed sum contracts.  Any expected increases in prices of 
the materials for fixed sum contracts are incorporated in the unit rate build-up by 
project practitioners in both public and private sectors of the Ghanaian economy as 
done in the developed economies (MRH, 2010).  Most processed materials for the 
construction industry are imported from developed economies.  Therefore, the ability 
to predict to a high degree of precision any price increases for materials is beyond 
the control of the estimator.  These prices are influenced by the fluctuation of the 
country‟s currency with the major currencies such as the British Pounds Sterling and 
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the United Sates Dollar where most of the materials are imported from.  It is against 
this background that fixed sum type of contracts are considered not suitable in 
developing economies such as Ghana, even though most clients want to have the 
comfort of a fixed sum for construction projects. 
 
The type of contract in common use within Ghana is ad-measurement or re-
measurement contract with provision for fluctuation clauses (MRH, 1987).  In the 
road sector of Ghana, this takes the form of Price Adjustment Formula provisions to 
enable the computation of Adjustment Factors on project.  These are incorporated in 
the tender or contract documents in accordance with international best practices for 
re-measurement types of contract.  The level to which contractors are compensated 
for increases in the input resources in projects is determined by the cost indices that 
are used in the Price Adjustment Formula (FIDIC, 1999).  The cost indices for the 
road sector are produced by the Ministry of Roads and Highways, with inputs from 
other sectors of the Ghanaian economy.  All stakeholders in the road sector depend 
on the cost indices published by Ministry of Roads and Highways for the 
management of their construction projects.  The index applied for equipment is based 
upon the USA index for construction equipment (FIDIC, 1999).  The USA index is 
transformed to suit the Ghanaian context and rendered in Cedis by using the 
interbank exchange rate.  For the building sector, the indices are produce by Building 
and Road Research Institute of Ghana. 
 
In Ghana, the quantity of material input in any work activity is obtained by 
aggregating the volumes of its constituent parts.  Concrete for example has a number 
of input resources.  In estimating, the quantity of cement in a cubic metre of specified 
concrete grade for example is obtained along with water and the different grades of 
aggregates.  This involves computing the quantity and making allowances for 
wastage that arises from processing.  Wastage in concrete occurs in two ways.  The 
first form is the wastage that occurs during transportation of the input resources from 
the storage to the point of mixing.  The second is the wastage that occurs when the 
mixed concrete is transported to the point of placement.  The allowance made for the 
wastage depends on the concreting operation and varies from estimator to estimator.  
The estimator decision-making orientations can significantly affect the level of 
allowances that are adopted for these wastages.  It is common to find that 
inaccuracies in the cost allocated for materials are attributed to the computational 
error but not to the behavioural characteristics of the individual estimator in decision 
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making.  The implied argument that is at the heart of such attribution is that the 
estimator exercises no personality influences on the output. 
 
Labour cost 
In developed economies, there are independent publications from recognised 
institutions on labour productivity.  In Ghana, labour hours required for work activities 
in the road sector are derived from the studies conducted in 1975.  The data is based 
on a national average hence the cost obtained from such data requires further 
adjustment to reflect actual conditions in a particular location.   
 
The ten geographical regions in Ghana are broadly viewed as coming under either a 
southern or northern zone.  In general, the income level of people in the northern 
zone is relatively lower, compared to their equivalent counterpart in the southern 
zone.  Generally, people from the northern extraction are hard-working farmers.  
From the same study, it was established that the output for an activity from people in 
the northern zone are higher than those in the southern zone (MRH, 2010).  It is 
against this background that an average data will not depict the real situation on the 
ground.  As a first step to achieving better reliability, the compilation of the data 
should be performed separately for each of the zones. 
 
In recent times, the technological advancement in the areas of health and 
construction methods have had a positive impact on the improvement of labour 
output standards compared with the results obtained in the 1975 studies for any 
activity.  Most experienced estimators do adjust the 1975 data in order to take 
account for the changes in technological advances.  However, the reliability of this 
adjustment is dependent on the decision-making orientation of the individual 
estimator.  There is therefore, a very high subjective element in the resulting data 
from this form of transformation.  It is only when new and updated output standards 
are developed from work-study that the subjective element would be minimised.   
 
Again, it should be noted that, the development of new data on output standards for 
labour will not fully eliminate the influence of the behavioural characteristics of 
individual estimators in decision making.  This is due to the fact that the use of the 
updated data itself would still be based on some assumptions of how work will 
proceed on site.  As long as the assumptions are made in any estimating process, 
there is bound to be differences between the values obtained by two estimators.  No 
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two estimators can think and act in the same manner.  Their behaviour 
characteristics in decision-making if un-moderated will continue to influence their 
actions and therefore, differences are bound to occur between any two estimators. 
 
The construction industry in Ghana is regulated by Labour Act 652.  The Act provides 
for all issues to be considered when building all-in rate for various categories of 
labour.  Some of the compensation aspects in the Act include leave allowance, food 
allowance, tools allowance for tradesmen using their own tools, protective clothing 
allowance, social expenses such as deaths benefits, medical and transport 
allowance.  The Act however, does not indicate the level of compensations that has 
to be included for each of the allowances when building all-in rates for labour.  
Individual estimators determine the level of compensation.  The influence of the 
individual estimator could therefore, impact appreciably on the levels of 
compensation that is allowed in the all-in rate for labour.  For example, the Act 
provides that allowance must be made to compensate for lost of time due to deaths 
and sickness.  The Act does not spell out the levels of compensation but only the 
type of compensation.  The individual estimator therefore, makes the decision as to 
the number of deaths to allow for in a year and how many people will fall sick and for 
how long in the year.  Ideally, data from previous periods should guide the decision of 
the estimator.  However, such previous data hardly exists.  As such, decisions of this 
nature require some level of experience in the industry and in particular, the 
organisations that the estimate is being prepared for.  In general, the allowances for 
the various assumptions are aggregated as a factor that is applied as a multiplier for 
the basic cost of labour.  A factor of 3.70 is commonly used in practice.  This factor is 
only a guide since each individual estimator‟s assumptions determines the exact 
figure of the factor to apply to the basic wage. 
 
Subcontractor quotations 
In the road sector of Ghana, subcontract arrangements are either nominated or 
domestic subcontractors.  For both cases of subcontract arrangement, the public 
sector estimator relies on the quotations from subcontractors in specialised works 
such as pilling and in relocation of services among others.  In some instances, the 
estimators for contractors equally rely on such subcontractor quotations for items of 
work which they intend to sublet.  In both cases, the quotations of the subcontractor 
contain labour, material, equipment and tools, indirect cost and profit to the sub-
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contractor.  The main contractor includes cost of its mark-up for attendance to the 
sub-contractor to establish the cost of the works involved. 
 
Indirect Cost  
Indirect cost consists of cost of labour, material, equipment and tool items required to 
support the whole project.  In preparing the engineer‟s estimate in the public sector, 
provisions are made for indirect cost to cover both the cost to the client and the 
contractor.  The engineer‟s estimate is prepared as part of the project documentation 
and employed as a guide for evaluating tenders.  The engineer‟s estimate is 
prepared by the estimating department of the client‟s outfit.  In Ghana, the engineer‟s 
estimate is prepared by the procurement units in the respective Agencies under the 
Ministry of Roads and Highways for road related projects. 
 
Indirect cost to the client consists of land acquisition cost, legal fees, administration 
costs, and design and supervision fees.  In major projects, design and supervision 
fees are separated from the project estimate.  In Ghana, indirect cost is either priced 
separately as a bill item or incorporated in the unit rates as a percentage.  Usually, 
15 percent is provided on the unit rates for such indirect cost.  This figure is based on 
the 1975 studies, and is often not adequate to reflect recent improvements in 
efficiency levels for equipment and labour utilisation in most organisations.  Again in 
determining the indirect cost, the estimator‟s decision-making orientation influence 
the judgement they exercise.  This explains why indirect cost would differ from 
estimator to estimator for the same project. 
 
Profit 
Allowance for profit is established as a percentage contribution to the unit rates of 
work activities in Ghana.  In the public sector of Ghana, ten percent is usually 
adopted to cater for profit in the unit rate.  The adopted percentage is based on the 
1975 studies, which again presents a different context not particularly relevant to 
contemporary conditions in construction.  In recent times however, most 
organisations tend to allow a percentage based on their position in the industry. 
 
The profit level adopted is a reflection of the return on investment expected to 
maintain continued viability in construction business.  Profit assessment is therefore 
influenced by the extent of risks inherent in the particular business operation.  The 
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different types of risks that impacts on profit levels in the construction sector within 
Ghana include working capital risk, contractual risk, technical risk and investment 
risk.  The level of profit is dependent on the level of allowance made for these risks 
and is influenced by the estimator‟s behaviour in assessing risk.  In practice, a 10% 
figure is allowed on the net cost of works as profit in Ghana, as most contractors are 
not in a position to evaluate an accurate percentage that reflects their specific context 
(MRH, 2010). 
 
Contingency amounts are allowed in the project cost estimates to account for 
uncertainties.  The basis of the contingency amount is often established as a rule of 
thumb and dependent on the experience of the estimator.  The reliability of the 
contingency amount is also influenced by the individual estimator‟s decision-making 
orientation. 
 
 
3.4 WORKLOAD TO STAFF RATIO IN GHANA 
The estimating procedure in the road sector of Ghana often involves a reasonable 
number of experienced estimators.  This is due to the fact that estimating is done 
from the „first principles‟.  Estimating from the „first principle‟ requires a great amount 
of time and adequate numbers and calibre of experienced estimating staff.  However, 
the sector lacks adequate numbers of experienced estimators.  Table 3.1 shows the 
number of experienced estimators and the average number of project estimates 
prepared annually in the various Agencies under the Ministry of Roads and Highways 
in Ghana. 
 
Table 3.1: Estimating load to Staff ratio in Road sector of Ghana 
No. Name of Agency No. of 
Experienced 
Estimators 
Average No. of 
Projects per 
year 
Estimating load 
to staff ratio 
1 Ghana Highway Authority 9 180 20 
2 Department of Urban Roads 6 300 50 
3 Department of Feeder Roads 3 550 183.33 
 Total 18 1030 57.2 
(Source: GHA, DUR, and DFR of Ghana) 
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From Table 3.1, the average estimator is required to prepare cost estimates for 57.2 
projects in a year.  This implies that estimates are prepared on 4.8 projects in a 
month by each estimator in the road sector of Ghana.  The implication of such a 
relatively high estimator workload is the effect on reliability of project estimates. 
 
In previous studies, the influence of high workload on the decision-making 
orientations of estimators was explored.  For example, Mei-Yung et al. (2005) 
investigated the factors that affect reliability of cost estimates and concluded that 
stress on estimators caused a negative effect on the reliability of cost estimates.  
Mei-Yung et al. (2005) identified some of the critical stressors as excessive workload, 
role conflict, job ambiguity, and work environment, among others, as having 
significant influences on the decision-making behaviour of the estimator.  A stressful 
estimator is not analytical in performing its duties.  The decisions that such an 
estimator makes are not based on detailed rational assessment of available 
information due to the high workload.  This situation affects the estimator‟s ability in 
making sound and logical judgement and a sub-optimal position is adopted.  Often 
such a situation arises because the estimator has very little time to analyse 
information thoroughly before making decisions in such a work environment. 
 
From Table 3.1, it could be deduced that the behaviour of the estimator in the road 
sector of Ghana is greatly influenced by stressors identified by Mei-Yung et al (2005).  
Again this leads to consequences of unreliable project estimates such as projects 
being abandoned due to lack of funds to the detriment of the beneficial communities.  
If such projects are to be completed, then funds would have to be taken from other 
sectors of the economy, thus, disrupting a balance in the government‟s programmes. 
 
 
3.5 INFLUENCE OF ATTITUDE ON COST ESTIMATE 
A project estimate is a prediction of a future event or outcome.  In other words, it is 
an informed assessment of the likely cost of the project.  The word likely means there 
are a number of probable outcomes that could be derived depending on how the 
uncertainties that are inherent in the project are assessed.  A decision maker must 
estimate the probable outcomes of those future events or actions based on 
information available at the time of the decision.  The choices exercised by the 
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estimator for such future decision situations may be subjective.  For example, 
evaluating the nature of control measures for future period or assumptions made in 
determining the wastage of mixed concrete during transportation.  In both examples, 
the rigour in the decision of the estimator to match their adopted solution to the 
operational environment of the works would have a direct effect on the estimate that 
is produced.  The level of subjectivity attenuates with experience, as the estimator 
develops a bounded rationality of the conditions under which the works will be 
performed.  Equally, the rigour is augmented with experience because of a better 
definition of the bounded rationality the estimator develops.  This position was 
emphasised by Adams and Swanson (1976) and Archilbald and Villoria (1967).  
Abernathy (1971) also confirmed from his investigations that estimates improve as 
the estimator gains experience, as the range of unknown variables employed in their 
decisions are reduced to a limited but essential ones. 
 
The ability of the estimator in assessing risk influences the decisions the estimator 
makes in estimating.  Simply put, some estimators are risk prone and others are risk 
averse.  Their risk disposition is strongly related to the personality traits of the 
individual estimator.  As such, it can be argued that their personality trait would 
influence the behaviour characteristics in decision-making and risk perception of the 
estimators.  Since no two estimators have exactly the same personality trait, it can be 
expected that decisions made by different estimators would reflect significant 
differences.  Therefore, the effect of individual personality traits that could account for 
the differences in estimates produced by two estimators with the same data in the 
same work environment may be the cause of the lack of reliability in cost estimates.  
Figure 3.11 illustrates the concept of estimates produce by the two estimators for a 
project with the same information. 
 
Figure 3.11: Estimate of Two Estimators with Same Information 
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Figure 3.11 is a typical graph showing how decisions on factors within the control of 
the estimator significantly affect the outcome of cost estimates.  The situation 
depicted in Figure 3.11 is more prevalent in the construction industry and all other 
forecasting operations.  Understanding the nature and extent of the disparity could 
pave the way for establishing adjustment factors to address cost estimating problems 
in Ghana.  From Figure 3.11, one estimator produced an estimate A and the other 
produce an estimate B for the same project with the same amount of information.  
Both estimate A and B are equally likely to be the cost of the project.  However, there 
is far greater chance that A would be exceeded because very little time would have 
been spent in analysing the requisite information before coming to a decision.  
Estimate B on the other hand, would have a greater chance of being an accurate 
estimation, due to the longer time employed in analysing information and making 
decisions.  The estimator generating the estimate B displays a lack of preparedness 
to take risk, hence the longer time it takes to make project decisions by waiting for full 
information.  The question here is which of the two estimates could be said to be a 
reliable estimate for project C.  It is logical that the mean of the two estimates could 
be said to be best estimate for Project C.  The boundary from A to B therefore, 
constitutes a range within which the estimate is deemed viable.  The magnitude of 
the range can be attributed to the differences in decision-making orientations of 
individual estimators.  For the construction industry in Ghana, defining these 
boundaries will assist in judging the degree of reliability that can be associated with 
project cost estimates produced by different estimators.  However, there are 
questions that have to be answered on how this could be achieved.  These include 
deciding on the following issues. 
 
 Whose estimate should be used in defining the boundaries? 
 What should be the qualifications and experience of the boundary estimators? 
 How many projects should such boundary estimators have accomplished in 
their career, and on an annual workload?  
 What should be the personality traits of such boundary estimators? 
 
Setting boundaries in estimating has been the focus of many studies in recent times.  
However, only physical factors associated with the project have been utilized in all 
the research on setting boundaries (Touran and Lopez, 2006; Ahmed et al., 2007).  
Several tools have been employed in setting the boundaries, with the most 
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commonly applied tool being the Monte Carlo simulation.  Monte Carlo simulation 
has gained increased popularity in addressing uncertainty and risk in construction 
(Vose, 1996).  Some of the studies that applied the Monte Carlo approach to address 
uncertainty and risk in construction management include Touran and Lopez (2006), 
Tung (2008), and Ahmed et al. (2007).  Much of the application of the Monte Carlo 
technique utilizes the physical project parameters to address uncertainties and risk in 
relation to performance, but not endogenous factors that relate to the behavioural 
characteristics of the estimator. 
 
 
3.6 PROCUREMENT REGULATIONS IN GHANA 
The public procurement activities in Ghana are regulated by Public Procurement Act, 
2003 (Act 663).  The Act was constituted to harmonise public procurement and to 
ensure economical use of the limited national resources.  In furtherance of the Act, a 
provision was enshrined for establishing a Public Procurement Authority with suitable 
administrative and institutional arrangements for public procurement and prescribed 
tendering procedures.  The Public Procurement Act 663 applies to procurement of 
goods, works, and services financed wholly or in part from public funds except where 
the Minister of Finance and Economic Planning decides that it is in the national 
interest to use a different procurement procedure.  The Act also provides for 
functions that pertain to procurement of goods works, and services such as 
description of requirements, contents of invitation for tender, procedures for 
preparation, selection and award of contract as well as all the phases in contract 
administration. 
 
3.6.1 Public Procurement Authority of Ghana 
The Public Procurement Authority in Ghana is responsible for all the administrative 
procedures required to ensure adherence to the provisions in the Act.  The work of 
the Authority is regulated by a Board.  Notably, the Act makes explicit provision for 
the involvement of women in public life as part of the commitment of the country to 
the Millennium Development Goals.  The Board comprises people with adequate 
competence and experience in public procurement nominated by the public and 
private sectors and be composed of the following roles.   
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 Chairman 
 Vice-Chairman 
 Four persons from the public sector made up of the representatives of 
Attorney General, and three (3) other persons of whom one is to be a 
woman. 
 Three (3) persons from the private sector at least one should be a woman. 
 The Chief Executive of the Board who is also the Chief Executive of the 
Authority. 
 
The term of office of the Board members is four years.  The Act provides for the 
functions of the Board and include, but not limited to, general overseeing of the 
procurement procedures to ensure conformance to the provisions of the Act. 
 
3.6.2 Adjudication Committees and Boards 
To ensure decentralisation of authority and for prompt handling of the procurement 
activities, the Act provides for the establishment of Entity Tender Committees by all 
the various Entities associated with public procurement.  An Entity is the institution 
undertaking the procurement.  In the road sector of Ghana, the Ministry and each of 
the Agencies under its ambit, namely Ghana Highway Authority, Department of 
Feeder Roads and Department of Urban Roads each have their own Entity Tender 
Committees.  The Act provides for the functions of the Entity Tender Committees as 
the adjudication body on all Evaluation Reports that emanate from a particular Entity 
to ensure proper adherence to the principles of procurement. 
 
For the purposes of transparency, the members of the Entity Tender Committees are 
drawn from the procurement Entity, the public sector, the Attorney General‟s office, 
and parliament.  For the Agencies under the Ministry, the Head of Agency is the 
Chairman whiles the Honourable Minister of Roads and Highways is the Chairman 
for the Ministry‟s Entity Tender Committee.  The broad spectrum for the composition 
of the members making up the Entity Tender Committee provides it with a greater 
opportunity for achieving transparency, accountability, and fairness in discharging 
their responsibilities within the procurement guidelines. 
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The Act also made provision for Ministerial / Regional Tender Review Boards and a 
Central Tender Review Board.  The functions of these bodies are similar to that of 
the Entity Tender committees.  In addition these bodies give concurrent approvals to 
documents reviewed by the Entity Tender Committees which are above the 
thresholds of the Entity Tender Committees.  The thresholds are explained in the 
subsequent section. 
 
3.6.3 Threshold for Procurement Activities 
The Act details thresholds for procurement activities for the various Entity Tender 
Committees based on the level of mandate held that Entity.  All procurement 
activities beyond the thresholds are referred to the Ministerial or Regional Tender 
Review Board or the Central Tender Review Board for adjudication.  Tables 3.2 and 
3.3 show the various thresholds for the procurement of works, goods, and services 
under the Act.  The currency in Tables 3.2 and 3.3 is the Ghanaian Cedi. 
 
Table 3.2: Threshold for Decentralized Procuring Entities 
Authority Goods (GHC) Works (GHC) Technical 
Services (GHC) 
Consulting 
Services (GHC) 
Head of Entity Up to 50m Up to 100m Up to 50m Up to GHC 50m 
Entity Tender 
Committee 
>50m – 250m >100m-500m >50-250m >50m-100m 
District Tender 
Review Board 
>250m-1.0b >500m02.0b >250m-1.0b >100m-500m 
Ministerial and 
Regional Tender 
Review Board 
>1.0b-8.0b >2.0b-1.50b >1.0b-8.0b >500m-3.5b 
Central Tender 
Review Board 
Above 8.0b Above 15.0b Above 8.0b Above 3.5b 
(Source: Public Procurement Act of Ghana, Act 663) 
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Table 3.3 Threshold for other Procuring Entities  
Authority Goods(GHC) Works(GHC) Technical 
Services(GHC) 
Consulting 
Services(GHC) 
Head of Entity Up to 50m Up to 100m Up to 50m Up to 50m  
Entity Tender 
Committee 
>50m-1.0b >100m-2.0b >50m-1.0b >50m-500m 
Ministerial and 
Regional Tender 
Review Board 
>1.0b-8.0b >2.0b-15.0b >1.0b-8.0b >500m-3.5b 
Central Tender 
Review Board 
Above 8.0 Above 15.0b Above 80b Above 3.5b 
(Source: Public Procurement Act of Ghana, Act 663) 
 
3.6.4 Ministerial or Regional Tender Review Boards 
For effective accountability and good governance, limitations have been placed on 
the amount of procurement activities for the Ministerial/ Regional Tender Review 
Boards and the Entity Tender Committees as indicated in Tables 3.2 and 3.3. 
 
The composition of the Ministerial or Regional Review Tender Board is similar to that 
of the Entity Tender Committees.  In the case of the Ministry of Roads and Highways, 
the Ministerial Review Board has membership made up of heads of the three 
Agencies under the Ministry, the technical head of the Ministry, the head of 
procurement unit of the Ministry as its secretary and representative of the private 
sector as spelt out in the Act.  The Act also expressly provides for each Ministry to 
have its own Ministerial Tender Review Board. 
 
In addition to the National structures, each of the ten geographical regions of Ghana 
has its own Regional Tender Review Boards.  The composition is similar to that of 
the Ministerial Tender Review Boards with functions spelt out in the Act to promote 
fairness to all tendering companies.  To ensure accountability and good governance, 
the Act provides for appointing the chair of both review boards from the public sector. 
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3.6.5 Central Tender Review Board 
Projects above thresholds specified in Tables 3.2 and 3.3 are referred to the Central 
Tender Review Boards for adjudication.  The composition of the Central Review 
Board is similar to the Ministerial or Regional in that members are drawn from various 
stakeholders in both public and private sectors of the country. 
 
3.6.6 Procurement Methods 
The Procurement Act 663 of Ghana also defines the procedure that has to be 
adopted in each category of procurement and the methods for ensuring the 
adherence to the principles of procurement and good governance. 
 
The procedure is enshrined in the National Competitive Tendering and International 
Competitive Tendering methods of procurement, a provision in the Act that is similar 
to all International best practice.  However, for other methods of procurement such as 
sole sourcing, restricted tendering, and price quotations among others, the Act 
provides for additional safeguards and measures to mitigate any potential abuse and 
corruption.  The subsequent sections briefly discuss the provision in the Act for each 
of the above procurement methods other than Open Competitive Tendering.  The 
exclusion of coverage for Open Competitive Tendering is because that method of 
procurement dominates the public sector procurement programme and has 
commonality with practices across construction worldwide. 
 
3.6.6.1 Sole Sourcing 
The sole sourcing method of procurement is provided in the Act for works, goods and 
services that are procured under conditions that reflect emergency.  The Act provides 
for approval from the Public Procurement Authority prior to engaging in sole sourcing 
procurement to ensure that the public agents involved are not open to abuse and to 
minimise any potential corruption.  The threshold for the various procurement 
methods are shown in Table 3.4 and shows that no limits are associated with the 
sole or single sourcing.  This is because emergency demand for works and services 
are often difficult to estimate for, as the nature of operation would evolve in 
conformance with the notion of emergency.  The principle enshrined in the Act is that 
the Public Procurement Authority would discharge its responsibility pertaining to sole 
sourcing with probity and adequate control. 
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Table 3.4: Thresholds for Procurement Methods 
(Source: Public Procurement Act of Ghana, Act 663) 
 
3.6.6.2 Restricted Tendering 
For reasons of economy and efficiency, a procurement Entity may engaged in 
Restricted Tendering subject to the approval of the Procurement Board.  The criteria 
set by the Act for projects qualified under this method of tendering are as follows. 
 
i. That the goods, works or services are available from a limited number of 
suppliers or contractors. 
Procurement Method/ Advertisement Contract Value Threshold 
(1) Pre-qualification 
a. Goods 
b. Works 
c. Technical Services 
 
a. Above GH¢35 billion 
b. Above GH¢70 billion 
c. (not more than 10% of cost of works) 
(2) International Competitive  Tender 
a. Goods 
b. Works 
c. Technical Services 
 
a. Above GH¢15.0 billion 
b. Above GH¢20.0 billion 
c. Above GH¢2.0 billion 
(3) National Competitive Tender 
a. Goods 
 
b. Works 
 
c. Technical Services 
 
a. More than GH¢ 200 million up to 
GH¢2.0 billion 
b. More than GH¢500 million up to GH¢15 
billion 
c. More than GH¢200 million up to GH¢ 
2.0 billion 
(4) Restricted Tendering Subject to Approval by PPA 
(5) Price Quotation 
a. Goods  
b. Works 
c. Technical services 
 
a. Up to GH¢200 million 
b. Up to GH¢500 million 
c. Up to GH¢200 million 
(6) Single Source Procurement and 
Selection 
Subject to Approval by PPA 
(7) Advertisements for Expressions of 
Interest for Consulting Services in 
local newspapers 
Above GH¢700 million 
(8) Least-Cost Selection Up to GH¢700 million 
(9) Selection based on Consultant‟s 
Qualification 
Up to GH¢ 350 million 
(10) Single Source-Selection Subject to Approval by PPA 
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ii. That the cost of the goods, works, or services compared to the time and cost 
required to evaluate a large number of tenders is disproportionate. 
 
In restricted tendering, it is required that the service providers are selected in a non-
discriminatory manner in order to ensure effective competition.  The Act provides for 
a minimum of 3 and maximum of 6 in number of service providers to form the pool 
from which the eventual provider will be selected in order to satisfy the rules 
governing the principles of procurement. 
 
 
3.7 SUMMARY 
The chapter has established the importance of the construction sector to the 
economy of Ghana, and discussed the context of construction in Ghana and reasons 
for selecting road sector for the study.  Estimating in the Ministry of Roads and 
Highways and its Agencies were discussed to establish the common elements of the 
practice in Ghana.  The weaknesses associated with the dominant method of 
estimating in Ghana in relation to reliability of project estimates were identified.  In 
addition a detailed discussion is conducted on the characteristics of data utilized for 
estimating of project cost and its influence on the desired reliability.  The review also 
identified factors including high workload, inadequate project information, limited 
number of experienced estimators, inflation, inadequate project data and other 
exogenous factors that influenced reliability of project estimates in Ghana. 
 
The chapter also covered how different estimators in Ghana influence the reliability of 
project cost estimates.  The nature of assumptions made by estimators are 
associated with the individual estimator‟s personal characteristic in assessing risk 
and thus, influence the reliability of project estimates.  The chapter emphasised the 
decision-making stages in estimating practice in Ghana.  The Public Procurement Act 
that regulates procurement activities in Ghana was addressed in considerable detail.  
The chapter focuses on the argument that the behaviour characteristics of estimators 
were may hold the key to achieving reliability in the estimating exercise.  The next 
chapter gives attention to the principal endogenous factor, the personality trait and 
behavioural characteristics of estimators. 
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CHAPTER 4 
 
ESTIMATOR ENDOGENOUS CHARACTERISTICS 
 
4.0 OVERVIEW 
This chapter addresses the principal endogenous factor, which is personality trait, 
and behavioural characteristics of estimators.  It commences by reviewing the 
historical developments of generic personality traits of individuals and the 
instruments for psychometric testing.  A range of testing instruments is presented to 
demonstrate the extent of commonality and differences that exits in charactering 
personality.  The behaviour characteristic of estimators is also explored to establish 
how individual estimator decision-making orientation influences the reliability of their 
decision outcomes. 
 
Furthermore, consideration is given to the impact of information sharing culture in the 
estimating environment on reliability of cost estimates on construction projects.  The 
information sharing culture has a potential to influence the quality of information and 
basis on which the estimator‟s decision would be made.  Other attributes of the 
estimator discussed in connection with information sharing as having a significant 
effect on the reliability of cost estimates include, ethics, integrity, experience, 
qualification and judgement.  The rationale is that the attributes displayed by 
estimators are a reflection of individual personality trait. 
 
 
4.1 HISTORICAL DEVELOPMENT 
The concern of man in understanding and predicting the behaviour characteristics of 
others dates back to ancient time (Misumi, 1985).  More specifically, many of the 
theories associated with trait were aimed at predicting the behaviour characteristics 
of human beings and developed in the nineteenth century (Misumi, 1985).  Examples 
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of such theories include the “genius” and “great man” ideas.  The essence of the two 
concepts is reflected in the position adopted on personality archetypes.  Essentially, 
the first adopts the position that some people have inborn ability to with reference to 
particular trait, while the second argues that others are born with ability to learn the 
trait under consideration.  The first is innate and the second is acquired.  Aaltio-
Marjosola et al. (1998), agreeing with Misumi (1985) on the “great man” and “genius” 
theories argued that the two theories are symptomatic of the concepts of astrology 
and palmistry, methods used in the past to predict the behaviour of others.   
 
According to Goodstein and Lanyon (1971), astrology is the method used to predict 
the behaviour of individuals through inferences based on the observation of heavenly 
bodies and fixed stars.  “Personality assessment for an individual was accomplished 
by noting the moment of birth and then getting the appropriate predictive information 
from one of a number of elaborate manuals of almanacs” (Goodstein and Lanyon, 
1971).  Analogous to astrology is another technique of personality assessment 
known as biorhythms.  The theory of biorhythms is that our day-to-day effectiveness 
is governed by our position on three cycles defined as physical, emotional, and 
mental.  Goodstein and Lanyon (1971) argued that the three cycles are fixed based 
on the moment of our birth and are not modifiable.  Previous philosophers such as 
Thommen (1973) agreed with Goodstein and Lanyon (1971) on the usefulness of 
biorhythms in predicting one‟s potential effectiveness any given day. 
 
Another historical method in personality assessment is palmistry.  Goodstein and 
Lanyon (1971) define palmistry as the method for determining the personality 
characteristics of a person by interpretations of the various irregularities and folds of 
the hands.  This method has existed in China as far back as 3000 BC.  Goodstein 
and Lanyon (1971) suggested that importance should be given to the lines of the 
hand as well as the monticule or swellings between these lines in the palmistry 
method of personality assessment.  Analogous to palmistry is the phrenology method 
of personality assessment.  Phrenology relies on measuring the external shape of the 
human skull to determine personality archetype.  Phrenology was developed by 
Franz Joseph Gall who was a German physician and anatomist (Goodstein and 
Lanyon, 1971).  Gall‟s basic assumption in the phrenology method is that a human 
brain was the locus of control over human behaviour, a view accepted uniformly by 
psychologists (Misumi, 1985). 
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The use of these methods, which reflect astrological notions, although still in practice 
today, are difficult to substantiate scientifically, and their classification is often the 
subject of much debate.  Critics of these astrological methods argue that none of the 
underpinning assumptions have been scientifically tested, and the accuracies of their 
predictions are not supported by empirical investigations.  For example, in palmistry 
readings, physical exercises by the subject can alter the monticule and other 
characteristics of the hand.  The resultant effect has been significant differences in 
the interpretations of the same person‟s hands by different „readers‟ (Goodstein and 
Lanyon, 1971).  However, the uses of such non-scientific based psychological 
methods are still accepted by many people for predicting human behaviours. 
 
Within construction, interest in the assessment and understanding of human nature 
has been an important aspect of management in the work place.  Much of the 
emphasis for understanding human nature has concentrated on worker motivation, 
and how to enhance productivity (Olomolaiye et al., 1998).  The rationale is that in 
order that managers and workers can work as one effective and productive unit, they 
both must know their role.  The workers should know how to contribute to 
organisational objectives.  Equally, the managers need a clear understanding of how 
to maximise productivity by supporting their workforce through the appropriate 
leadership.  For example, in addition to knowing how human nature dictates a 
worker's actions, the manager has to be aware of the specific working environment, 
personalities, and motivational forces, which drive workers.  Such psychological 
knowledge can then be used to judge which actions are essential to motivate the 
work force in order to obtain the highest possible levels of productivity.  Much of the 
contribution made to construction through such motivational factors have drawn on 
the works of Maslow (1943) on individual needs, McGregor (1960) on Theory X and 
Y, Herzberg (1968) on hygiene factors, and more recently from Ouchi (1982) on 
Theory Z.  In essence, these theories implicitly acknowledge the notion that no two 
human beings are the same.  Each person is unique and this is reflected in each 
person‟s ability to perform work, for example, in a chosen profession.  No two 
individuals with the same qualifications and experience in a chosen profession can 
perform in the same way.  There is bound to be differences since each person is 
unique.  In the context of the study, the notion that no two estimators are identical in 
their personality presents an important explanation as to why different estimators 
given the same resources and conditions generate different estimates.  The essential 
message from the work of seminal contributions to the subject of psychology such as 
Haynes and Wilson (1979) is that the clue could lie in their personality trait.  The 
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subsequent sections of the chapter explore current theories and tools on personality 
to shed light on the influence of trait on behaviour as well as the tools to measure 
such traits.  The review of the trait theories is divided into different sections, with the 
earlier sections addressing the philosophical works and the latter sections focusing 
on the tools for measuring personality. 
 
 
4.2 PERSONALITY THEORIES 
The systematic efforts to understand and predict the behaviour characteristics of 
another human being are commonly shared by all people.  An attempt by a person to 
study the intentions of another person approaching them by looking straight into the 
eyes or observing their posture can be regarded as the early stages of personality 
assessment.  Personality assessment is a field of study that draws on general 
psychology, which defines personality as “that branch of psychology which is 
concerned with providing a systematic account of the way in which individuals differ 
from one another” (Wiggins, 1979).  The relevance of such differences to the study in 
this thesis derives from the position that it could help explain why some estimators 
produce reliable estimates and others do not.  The rationale is that knowing those 
differences should facilitate the provision of the right support regime to enable 
individual estimators to produce more reliable estimates. 
 
4.2.1 Seminal Personality Theories 
Notable among the works that explain personality characteristics are the 
contributions of Allport (1937); Cattell (1950, 1965); and Eysenck (1961).  The works 
of each of these psychologists forms the focus of the review in the subsequent 
sections. 
 
4.2.2 Trait Uniqueness Theory  
Gordon Allport was one of the most remarkable trait psychologists.  Allport (1937) 
indicated that traits have existence, which he considered as real.  Allport was the first 
to introduce the trait uniqueness theory.  Based on Allport‟s theory, in estimating, 
each individual estimator makes decisions that are consistent and influenced by the 
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uniqueness of the personality trait of that particular individual.  It could be inferred 
from the Allport theory that differences in cost estimating of two different estimators 
could be due to the uniqueness of their personality trait given the same exogenous 
factors.  Therefore, the reliability of cost estimates may be largely dependent on the 
personality traits of the estimators. 
 
In line with the uniqueness theory it can equally be inferred that trait predispositions 
tend to integrate dissimilar stimuli and responses.  In other words trait is “a 
generalised and important neuropsychic system (peculiar to individual) with the 
capacity to render many stimuli functionally equivalent, and to initiate and guide 
consistent (equivalent) forms of adaptive and expressive behaviour” (Allport, 1937).  
Allport was of the view that the disposition of some people influence the majority of 
their behaviour.  Allport (1937) called this highly generalised disposition as cardinal 
traits.  Allport differentiated between the cardinal trait and other forms of trait.  For 
example, the cardinal trait could be inferred for a student who always wants to obtain 
excellent grades in all subjects as goal achievement since that appears to drive their 
life.  Based on the Allport classification achievement therefore, becomes the cardinal 
trait in this example.  The next trait after the cardinal is the central trait.  While the 
central trait is also a reflection of a generalised disposition it is considered less 
pervasive.  Allport (1937) called the third type of trait secondary disposition or 
“attitude”.  The secondary dispositions were considered to be more specific and 
narrowly defined traits.  Figure 4.1 shows how the four trait categories come together 
to define how an individual responds with their friendliness trait in different contexts.  
It illustrates that each individual has different levels of the cardinal, central, and 
secondary dispositions.  In general it shows that there are fairly broad consistencies 
in behaviour by uniting the responses to numerous stimuli. 
 
Figure 4.1: Trait as the Unifier of Stimuli and Response (Source: Mischel, 1986) 
1. Meeting a stranger
4. attentive, thoughtful
3.warm, interested
2. helpful, encouraging
1. outgoing, pleasant
Dating girlfriend
3. Visiting family
2. Working with peers
Trait 
Friendliness
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According to Allport (1937), traits never occur in any two people in exactly the same 
manner.  He further argued that comparison between people could not be made on 
the basis or through the study of their traits.  It is therefore, reasonable to conduct 
any comparisons based on the common dispositions that reflect the traits they 
exhibit. 
 
Although Allport contributed immensely to the trait theory, he was critical of the trait 
theories of other earlier psychologists who preferred the use of statistical methods for 
analysing traits (Mischel, 1986). 
 
4.2.3 Common, Unique, Surface and Source Traits 
Raymond B. Cattell also provided one of the earlier theories on personality trait.  
Cattell (1950) concurred with Allport (1937) on the uniqueness of personality traits of 
each individual.  In addition Cattell (1965) made a distinction between what he 
described as common traits and unique traits.  Cattell (1965) proposed that all 
people possess common traits while unique traits are exclusive to each individual.  
He further suggested that the unique trait cannot be found in any other person, a 
view that is consistent with the theory of Allport (1937).  Common traits identified by 
Cattell (1965) are normal behaviours of estimators in general and are influenced by 
one‟s development and upbringing.  The unique trait theory of Allport (1937) 
combined with Cattell‟s extension with common traits would help explain why the 
personality trait of each individual estimator is of uttermost importance in improving 
the reliability of project estimates.  The deduction that can be drawn from the 
personality theory of Allport (1937) and Cattell (1965) is that each estimator is unique 
due to inimitability of their individual personality traits.  Therefore, the unique trait of 
individual estimators might be the influencing feature that determines their decision-
making orientation.   
 
Other forms of trait differentiated by Cattell (1965) were surface trait and source 
trait.  Surface trait refers to readily apparent personality characteristics such as 
integrity, discipline.  Source trait is a conception of the underlining foundation of the 
readily apparent personality characteristics.  Cattell (1965) subsequently developed a 
procedure for analysing responses or scores from experiments, statistically positive 
correlations and mathematical techniques such as factor analysis.  The analysis 
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involved generating the correlation for a surface trait to establish a factor that 
accounts for the difference in variations in behaviour.  Cattell‟s contribution on 
surface and source traits provides a strong justification for arguing that the influence 
on the behaviour of estimators in project cost estimating could be ascertained by 
deploying appropriate statistical analyses.  Figure 4.2 shows the different inputs into 
Cattell‟s surface and source traits. 
 
 
Figure 4.2: Surface Traits and Source Traits (Source: Mischel, 1986) 
 
Figure 4.2 shows examples of surface traits, which are responses that correlate 
positively with each other, while the examples of specific source traits are sources of 
personality reactions that operate in specific situations. 
 
4.2.4 Neuroticism 
Eysenck (1961) is an English psychologist who introduced the notion of neuroticism 
and also investigated aspects of introversion and extraversion, which was originally 
introduced by Carl Jung (Mischel, 1986).  The neuroticism trait describes a 
personality that reflects a stable, calm and reliable temperament, and is manifested 
by people who are moody, anxious and reckless alike.  People showing 
characteristics of extraversion are people who generally like change, are optimistic 
and not always reliable.  Eysenck (1961) also gave characteristics of introversion as 
diametrically opposed to extraversion.  In estimating, decisions are made on many 
issues.  The ability to make sound decisions is dependent on the individual estimator 
ability to assess each decision situation with a high degree of certainty.  An estimator 
Examples of Surface 
Traits
(Cattell, 1950)
Integrity, altruism-dishonesty, 
undependability
Discipline thoughtfulness-foolishness
Thrift, tidings, obstinacy-lability, 
curiosity, intuition
Ego strength-emotionality and 
neuroticism
Dominance-submissiveness
Examples of Source 
Traits
(Cattell, 1965)
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who reflects an introversion is likely to be conservative and risk averse, while one 
that has extraversion would be more risk prone. 
 
4.2.5 Concepts of Personality 
While there are common threads that can be associated with the notion of 
personality, the various contributors to the subject detail marginal differences that is 
worthy of consideration.  For example, Allport (1937) in describing personality related 
it to an earlier antecedent, persona, which was the theatrical mask used in Greek 
drama.  Allport (1937) established the principle that personality is what the person 
really is, and involves what is most typical and deeply characteristic of the individual.  
Hall and Lindzey (1978) also argued that it is impossible to apply one substantive 
definition of personality to all situations and contexts associated with people.  
Goodstein and Lanyon (1971) equally expressed the difficulty in developing a 
definition of personality in view of the diversity and contradictory elements involved.  
However, Goodstein and Lanyon (1971) suggested a definition for personality that 
could draw the diverse views together as follows – “an abstraction for those enduring 
characteristics of the person which are significant for their interpersonal behaviour” 
(Goodstein and Lanyon, 1971). 
 
Some of the earlier contributors defined personality as “a person‟s unique pattern of 
traits” (Guilford, 1959) and “the most adequate conceptualisation of a person‟s 
behaviour in all its detail” (McClelland, 1951) among others.  The common feature of 
these definitions is the importance they all attach to a persistent pattern in the 
responses of any person as a unique representation of that person. 
 
The notion of trait as a reflection of the pattern of response suggests that the 
behaviour of human beings towards the forces operating in their situational 
environment is of great importance in personality perspective.  These led to the view 
arrived by Mischel (1986) that “the individual is influenced by many determinants and 
human behaviour reflects the continued interaction of many forces both in the person 
or environment or situation” (Mischel, 1986). 
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4.2.6 Fundamental Assumptions on Trait  
The trait theories of the earlier investigators have essential differences in their 
position on key philosophical stance.  Mischel (1986) indicated that despite these 
differences, the theoretical assumptions and strategies in each of the theories are the 
same.  Mischel (1986) named the assumptions and strategies as follows. 
i. Traits are assumed to be general and fundamental dispositions that account 
for consistencies in behaviour. 
ii. Some traits are considered to be relatively superior and specific, others that 
are more basic and widely generalised are assumed to produce consistencies 
in many situations. 
iii. The predominant objective is the identification of the underlying broad 
dispositions.  Emphasis is on the measurement of an individual‟s position on 
one or more dimensions by means of objective instruments or tests 
administered under standard conditions. 
iv. People‟s tested or sampled behaviours (including what they say about 
themselves) are viewed as signs of their underlying traits. 
v. To search for basic traits psychometric strategy is used that samples and 
compares large groups of subjects quantitatively under uniform conditions. 
 
These assumptions underpinned many of the current trait principles that have 
informed several of the testing and assessment tools applied by psychometric 
classification. 
 
4.2.7 The Trait Approach 
Mischel (1986) suggested that the trait approach seeks to classify people with a 
particular trait in terms of everyday language, such as aggressive, friendly among 
others, in order to compare their psychological attributes.  The trait approach is 
based on the assumption that individual‟s behaviour is determined by the basic 
psychological qualities of the person.  These qualities express themselves in many 
contexts.  The trait approach appears to suggest that individuals differ consistently in 
their response to the same situation or stimulus.  Mischel (1986) also accepted the 
notion that individuals react differently when confronted with the same issue 
assuming that all other conditions stayed the same.  Figure 4.3 shows a graphical 
presentation of the differences in the response to the same stimulus of criticism from 
a teacher.  The respondents represent different pupils and provide an example of 
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consistence differences among people in their response to the same stimulus.  
Mischel (1986) consequently described trait as the consistent differences between 
the behaviour characteristics of two or more people, as aptly reflected by Guilford 
who suggested that “trait is any distinguishable, relatively enduring way in which one 
individual varies from another” (Guilford, 1959). 
 
 
Figure 4.3: Individual difference in Response to Stimulus (Source: Mischel, 1986) 
 
 
4.3 USE OF PERSONALITY ASSESSMENT  
Goodstein and Lanyon (1971) are adherents of the views espoused by Cattell (1965) 
that emotional temperament is one of the most notable differences between one man 
and another.  Emotional temperament shows how some people are quick and 
excitable, while others are slow and deliberate.  This has been applied in the past 
and is still being used in some organisations for placement of employees in job 
categories. 
 
Mactavish and Marie (1992) opined that oriental astrologers who devised the oldest 
system of typology classified character in terms of signs based on the element of 
water, air, earth, and fire.  The system provides that persons born under the same 
sign are thought to share a similar nature and have comparable temperaments 
Stimulus 1 (e.g criticism 
from a teacher)
Person A’s response (excuses  and denial)
Person B’s response (guilt and shame)
Person C’S response (anger)
Person D’s response (acceptance)
Person E’S response (ingratiation)
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(Mactavish and Marie, 1992).  This underscores the reasons why some people 
behave in similar ways even if they have no biological relationship.  This type of 
selection has been used in the olden days to select people for jobs in both private 
and public sectors.  In China for example, such tests were used to select civil 
servants (Mischel, 1986).  Many historians believed that this method of selection 
accounted for the stability of the Chinese Empire (Mischel, 1986).  Many of the 
ancient countries used this method of selection in all their businesses including 
selection into government positions.  In France for example, some organisations still 
use astrology and graphology to select top business executives (Cattell, 1965).  
According to Furnham (1992), even though empirical investigations have revealed 
that interviews have very little reliability, Americans are still using interviews in their 
selection.  In America, personality text are used as a “way to understand the 
relationship of individual differences to work-related behaviour” (Furnham, 1992).  
 
 
4.3.1 Personality and Team Effectiveness 
There were numerous studies in the past on the relationship between personality and 
rated leader effectiveness.  For example, Stogdill (1948), Howard and Bray (1987), 
and Bentz (1998) among others illustrated the link between personality and team 
performance, which incorporates the leadership factor.  The importance of 
understanding the behaviour characteristics of individuals is evident by the number of 
authors that focus on the subject matter matter of personality.  Cone and Hawkins 
(1977), Hersen and Bellack (1976), Haynes (1978), Ciminero et al. (1977), Haynes 
and Wilson (1979), and Goodstein and Lanyon (1971) among other authors gave the 
subject extensive treatment in their various publications.  Their studies led to the 
conclusion drawn by Hogan (1994) that the criticism of personality tests in the 1970s 
and 1980s was no longer valid for the 21st century.  In recent times Huitt and William 
(1992) have identified important differences in how problem solving is approach by 
people individually and collectively to illustrate the point of synergy from different 
personalities within a team. 
 
While various studies continue to research aspects of personality and cognitive styles 
and their relationship to people and team performance, some social scientist have 
raised questions on the justification of the underlying concept implied by such 
analysis.  One of such social scientist was Mohr (1982).  Mohr (1982) argued that 
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there is lack of reasonable and warranted stability in the results from such analysis.  
In particular, Mohr (1982) argued that different results were always obtained to 
similar questions in repeated administration of the experiment.  Mohr (1982) also 
explained that interactions between the variables being measured was the main 
reason for the instability that characterised the results obtained from the same 
question.  Mohr (1982) defined this instability as the dependence of the impact of one 
phenomenon on the presence or level of another phenomenon.  The lack of clarity on 
the extent of the various instability levels therefore, rendered any causal assessment 
potentially spurious. 
 
However, research by Mischel (1986) has shown that there is sufficient ground to 
supports the notion that personality assessment is the reliable and valid method in 
predicting individual behaviour characteristics especially in making decisions.  If that 
basis is acknowledged as the general rule, then personality assessment could be 
employed to predict the individual estimator behaviour characteristics in decision-
making.  By combining the notion of the causation between personality and 
performance with the surface and source traits theories of Cattell (1965), it should be 
possible to define measurement frames that can facility assessment of estimator 
behaviour.  Such a measurement could prove invaluable in establishing the influence 
of personality archetypes on the reliability that various estimators may attain in 
estimating the cost of a project. 
 
 
4.4 PERSONALITY AND STRESS 
This section addresses how different people cope with psychological challenges that 
face them in their everyday life.  Some of the challenges are discussed and 
recommendations made from works of previous studies on coping with psychological 
challenges.  The relevance of these challenges to the study derives from the work 
conditions of the estimators that formed the study sample as outlined in an earlier 
chapter.  For the estimators the challenges take the form of anxiety and stress.  Each 
of these factors will be addressed briefly below. 
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4.4.1 Anxiety and Stress 
The theories of earlier psychologists define anxiety in many different ways.  The 
definitions of some of the earlier psychologists are discussed.  According to May 
(1950) “Freudian formulations emphasise the breakthrough into consciousness of 
unacceptable impulses.  Leading theories focus on association with painful or 
aversive stimulation, and phenomenological-existential theories stress the perception 
of a basic threat to the self or to the individual‟s very existence on personality”.  Both 
pain and perception are very subjective reflections of human experience, thus 
making stress and anxiety subjective phenomena that will differ from one person to 
another in terms of their acceptable threshold.  Mandler and Watson (1966) defined 
anxiety as the state of distress and helpless in which the organism has no 
alternatives whiles Malmo (1957) argued that anxiety is as a disease or over-arousal. 
 
Experiences of anxiety are countless, and hence, it would be more appropriate to 
identify the causes and see how such a phenomenon could be measured rather than 
finding a universal definition for anxiety (Mischel, 1986).  Individuals experience 
anxiety in different ways.  Maher (1966) identified some basic elements in any 
individual that is experiencing anxiety as: 
 
i. a conscious feeling of fear and danger; 
ii. a pattern of psychological arousal and bodily distress that may include 
miscellaneous physical changes and complaints; and 
iii. a disruption or disorganisation of effective problem-solving and cognitive 
control. 
 
According to Maher (1966) anxiety should be avoided because of its aversive nature 
and recommends a quick escape from any threatening situation as a means to 
overcome the effects of anxiety.  Strengthening of successful escape behaviours 
enables one to avoid similar future dangers (Mischel, 1986).  However, in situations 
where the escape pattern is reinforced, an individual may continue to avoid similar 
situations in the future even if they are no longer present a threat.  For most 
estimators, stress and anxiety that arises from the nature of work becomes essential 
to their performance as in very cases there would be no defined escape mechanisms 
in place.  The same escape mechanism may not be effective for everyone, and their 
personality archetype needs to be taken into account to define the most appropriate 
mechanism suited to the particular individual estimators. 
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4.5 TOOLS FOR TESTING PERSONALITY 
Personality assessment is the process of gathering information about an individual 
and organising the information with the aim of understanding the person.  To 
understand the personality of an individual equally requires some amount of 
prediction into the future of the behaviour of that person (McDonald, 2008).  The 
assessment is usually conducted through the administration of an appropriate test.  
The objectivity of a test increases when something enhances the uniformity of the 
testing conditions to which different subjects are exposed (Mischel, 1986).  The 
objectivity of personality test is achieved when standardised test materials are used, 
clear instructions are given and uniform answer sheets are used with clear scoring 
procedures.  A personality test that lacks objectivity stands the risk of bias and hence 
the results are not valid Mischel (1986).  The various tools for personality testing are 
discussed in subsequent sections of this chapter to explore how each of the tools 
addresses the requirement of objectivity.  Key lessons on achieving objectivity would 
then be employed to inform the development of the research instrument adopted for 
the study. 
 
4.5.1 Self-Reports 
This is the type of personality testing whereby the individual assesses him or herself 
and makes deductions from the results of the assessment.  Self-reporting test come 
in many forms and widely used (Skeels, 1966).  As much as ninety-eight percent 
(98%) of the studies assessing personality traits published in the Journal of Research 
in Personality in 2003 relied on self-reporting test (McDonald, 2008).  A similar 
research by Kagan (2007) revealed that ninety-five (95%) of the studies reported in 
Journal of Personality in 2006 employed a self-reporting questionnaire.  Since much 
of the submission is under the control, it is for subjects to „fudge‟ the results if they 
have been through the process once before.  Various types of self-reporting test are 
discussed in the subsequent sections. 
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4.5.2 Intelligence Testing 
The use of intelligence tests are widely recognised as a good discriminator of 
intellectual superiority and hence an indicator of mental performance.  A French 
physician named Alfred Binet developed the first of the tests in 1890‟s (Kirby and 
Linda, 1997).  The test is a practical way of studying mental processes and is utilized 
for mental ability testing by many companies.  Building on the work of Binet, David 
Wechsler later developed Intelligence Quotient (IQ) test, which involves assessing an 
individual‟s mental standing or IQ in relation to other people under the same 
conditions (Skeels, 1966).  The conditions could be same age, same practical 
experience among others.  According to Skeels (1966), IQ results are similar for 
identical twins even if they are brought up in different environments.  Honzik (1972) 
later provided the following explanation for the similarity measures of identical twins 
by arguing that it is the interaction between the genes and environment that 
accounted for the similarities in the IQ‟s of such twins (Honzik, 1972).  The gene and 
environment proposal of Honzik (1972) has opened a new avenue for looking at 
individual performance in the work place. 
 
4.5.3 Minnesota Multiphasic Personality Inventory  
The Minnesota Multiphasic Personality Inventory (MMPI) is a self-reporting test that 
adopts a scale with 550 printed statements (Mischel, 1986).  The statements are 
from a wide range of topics on personality that differ widely on attitudes, emotional 
reactions and psychiatric symptoms among others (Mischel, 1986).  In taking the 
MMPI test, the individual has a limited number of ways in which the questions making 
the instrument can be answered.  The choices could be “true” or “false” or 
“undecided”.  The others could be “yes” “no”, “strongly agree”, or “don‟t know”. 
 
The motivation in deploying the MMPI instrument is the standardised nature of the 
questionnaire and the objective attribute of the scoring procedure, thus, making 
reproduction and replication of the test easy to achieve.  The disadvantage of MMPI 
type of psychometric test is the unwillingness of people to reveal themselves 
accurately, especially if they believe that their answers would be used to make 
important decisions about them.  However, such information on the estimator‟s 
personality trait could be important in enabling a better understanding of the 
differences in estimates produced by two estimators with the same conditions and 
information.   
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4.5.4 The California F Scale 
The California F Scale is a self-reporting test that assesses authoritarian attitudes.  
The scores on the F Scale are presented as high or low.  For example, the results 
from the F Scale test on Kofi when compared with other students on authoritarianism 
could be represented as follows: Kofi‟s F Scale is high compared to the other 
students.  “The meaning of high or low on the measurement scale will depend on the 
network of associations that have been found for the test in research” (Mischel, 
1986). 
 
Titus and Hollander (1957) studied the relationship between the F Scale with 
questionnaire and non-questionnaire measures and revealed that correlation of the F 
Scale is strong when questionnaire measures are applied but weak with the non-
questionnaire option.  The work of Titus and Hollander (1957) appear to suggest that 
any effort to understand the influence that trait can have on reliability of estimators in 
costing projects would yield a more effective assessment if a questionnaire option is 
adopted. 
 
4.5.5 The Q-Sort Technique 
Another tool that originated from California is the California Q-sort, also referred to as 
the Q-technique.  The technique involves the use of a large number of cards with 
printed coded statements such as “I am an impulsive person” or I am “likable”, that is 
used for self-description (Block, 1961).  The printed cards are self-arranged in order 
of perceived match to the personality of the individual and deductions are made from 
each arrangement accordingly. 
 
The descriptors employed for the Q-sort testing are drawn from a variety of sources.  
They include material drawn from particular theory on personality (Stephenson, 
1953), therapeutic protocols (Butler and Haigh, 1954) and personality inventories 
(Block, 1961).  According to Mischel (1986), the Q-sort presents one of the most 
effective methods that could be employed to describe the characteristics that 
associate with successful performance in a given task.  Administering such an 
instrument would demand more resource support that would be inappropriate in a 
Ghanaian context.  For example mapping various descriptors on to various traits that 
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reflect the context of the study environment would entail a full research study in its 
own right.  The absence of a ready instrument that is configurable rendered the Q-
sort tool unsuitable for the purposes of this study. 
 
4.5.6 Informant Report 
The informant reporting method involves obtaining information on a person from 
another person in order to achieve a more complete description of the trait of the 
person under observation (McDonald, 2008).  Although personality is perceived to be 
an attribute internal to the individual, and therefore, best judge by that individual, 
others may get to know people based on the overt behaviours and actions of the 
subject.  Informant reporting methods include judgement by peer observers, and 
confidential report on others such as character references.  Informant reporting 
methods are built on the notion that people can offer a unique perspective on another 
person‟s personality (Hogan, 1998).  In an estimating environment, the use of 
informant reporting could spark an air of suspicion among staff, as the work 
environment is bound to reflect power political dynamics.  The use of staff evaluation 
at present presents its own difficulties of favouritism and accusations of bias directed 
at superiors.  Adding the element of peer informant or perhaps junior informant 
reporting would only aggravate any difficult situation that may exist. 
 
4.5.7 Comparative Evaluation of the Reports 
Both self-reporting and informant reporting tools have their merits and demerits when 
employed to assess personality.  Table 4.1 shows the advantages and 
disadvantages of the self-reporting and informant methods of personality measure.  
The use of any particular tool would be determined by the type of study that is 
required and other related issues such as the level of accuracy for the assessment.   
 
The reliability of either of the reporting formats is dependent on appropriate 
management of the risks factors identified in Table 4.1.  Of particular interest, is the 
risk of reporting bias, which is common in both formats.  In this research, risks 
identified in Table 4.1 among others in the self reporting format used for the 
investigation were mitigated.  The mitigation measures used in the research have 
been presented in the subsequent sections. 
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Table 4.1: Advantages and Disadvantages of Reporting Formats 
Method Advantages Disadvantages 
S
e
lf
-R
e
p
o
rt
 
-Practical and efficient 
-Convenient and easy to administer 
-Inexpensive 
-Direct insight into unique personal information 
-Individual motivation to respond 
-Can control most response biases 
-Many readily available psychometrically-
tested inventories 
-Most commonly used method. 
-Potential issues with credibility of response (due to 
response biases): 
 Socially desirable responding 
 Acquiescent Responding 
 Extreme Responding 
-Assumes that respondents have self knowledge and do 
not have distorted self-perceptions  
-Issues with non-context-specific language use of 
questions 
-Cultural limitations 
In
fo
rm
a
n
t 
R
e
p
o
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-Can provide objective information about target 
-Potential to be practical, inexpensive and 
convenient (e.g. internet) 
-Multiple rates and aggregation of data can 
lead to reliability of results 
-Others can provide insight on behaviour, 
especially across-situations 
-No socially desirable response 
-Less efficient and more effort required to obtain third-
party data than simply ask the target 
-Similar response bias to self-Reports (e.g. Acquiescent 
and Extreme Responding) 
-Issues with choosing informants-possibility of biases 
based on relationship or research aims 
-Others cannot access certain personal information 
about target  
-Difficulty to assess situations-specific behaviour. 
(Source: McDonald (2008) 
 
4.5.8 Myers-Briggs 
The “Myers Briggs Type Indicator” is one of the most popular tools available that 
assist organisations in understanding the personality characteristics and behaviours 
of their employees.  The review of the “Myers Briggs Type Indicator” in this thesis is 
organized into a number of sections.  The first section examines the historical 
development, the second examines the tool itself and the third section discusses its 
application and uses. 
 
4.5.8.1 Historical Development 
In 1917, Katharine Cook Briggs began the research into behaviour characteristics of 
people.  She developed a framework that was described as the four-type framework.  
The framework was made up of social, thoughtful, executive, and spontaneous 
categories of behaviours.  Around the same time the theory of Jung, which was 
aimed at understanding the behaviour characteristics of people was proposed in a 
publication that translated his original German edition (Jung, 1971).   
 
Katharine Cook Briggs and her daughter Isabel Briggs Myers subsequently 
developed and tested several questions after studying Jung‟s theory that was aimed 
at assisting people in identifying their own Jungian type preferences (Kirby and 
Linda, 1997).  The Briggs-Myers Type Indicator was created in 1942 and the hand 
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book published in 1944.  The name of the indicator underwent different changes until 
in 1956 when the present name “Myers -Briggs Type Indicator” was established 
(Tupes and Christal, 1961).   
 
4.5.8.2 Myers -Briggs Type Indicator 
The Myers Briggs Type Indicator tool is commonly abbreviated as MBTI.  The 
primary purpose of the Myers Briggs Type Indicator was to make Jung‟s theory 
understandable and useful to the life of everyday people.  The MBTI has four 
dichotomies for classifying the personality of subjects, which are represented by the 
letters E-I; S-N; T-F; and J-P.  These are presented in Table 4.2 and show that 
individuals often combine varying degrees of a trait dichotomy. 
 
Table 4.2: The Four Dichotomies 
PERSONALITY DICHOTOMIES 
Extraversion Introversion 
Sensing iNtuition 
Thinking  Feeling 
Judging Perceiving 
(Source: Myers et al., 1998) 
 
Extraversion and Introversion are referred to as attitudes of a person.  People with a 
leaning towards extremes of Extraversion tend to draw energy from their action and 
are more spontaneous.  They tend to act first before pausing to reflect and then act 
again whiles people that manifest extremes of Introversion tend to reflect before 
acting and then reflect again.  In a sense, it could be summed as extraverts are 
action oriented whiles introverts are thought oriented.  
 
The two centre dichotomies represented by S-N and T-F describe functions of 
Sensing, iNtuition, Thinking, and Feeling that reflect basic preferences for Perception 
and Judgement (Myers et al., 1998).  The Judging functions are Feeling and Thinking 
whiles the perceiving function are Sensing and iNtuition.  Each person uses one of 
these four functions more dominantly and proficiently than the other three.  However, 
all four functions are used at different times depending on the circumstance.  
“Sensing (S) seeks the fullest possible experience of what is immediate real,  
INtuition (N) seeks the further reaches of the possible and imaginative, Thinking (T) 
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seeks rational order and accord with the non-personal logic of cause and effect, and 
Feeling (F) seeks rational order in accord with the creation and maintenance of 
harmony among important subjective values” (Myers et al., 1998). 
 
According to Myers et al. (1998), E-I and J-P, the other two dichotomies reflect the 
orientations of energy or attitudes.  In the Extraverted (E) attitude, individuals rely on 
the environment for stimulation and guidance.  These types of people are action 
oriented, social and open to new and different experiences.  In the Introverted (I) 
attitude, individuals rely on concepts, ideas and inner experiences.  People under this 
category are more private and prefer to think with contemplative detachment before 
taking action.  Judges (J) are those individuals who habitually use judging when 
interacting with the outer world and are likely to come to conclusions and achieve 
closure quickly.  People who habitually use perception when interacting with the 
outer world and are quick in gathering information before coming to closure are 
people with Perception (P) type personality (Myers et al., 1998). 
 
The eight preferences above can be exhibited in varying degrees by each individual.  
The identification of the character of any individual is therefore, dependent on the 
predominant types they display.  The objective of MBTI tool is to determine and 
identify in each individual which of the four basic preferences are predominant in the 
individual in the mist of the other preferences that are all competing together.  The 
identification of the basic four preferences does not mean that individual does not 
exhibit the other preferences.  The dominant preferences are the focus of the 
application of MBTI.  The behaviour of an individual in terms of how that individual 
perceives any situation and the decision taken for a course of action, is influenced by 
these functions and orientations.  The basic four preferences that MBTI uses to 
classify a person could result in an arrangement of different personality types.  There 
are four permutations from the four basic preferences from MBTI resulting in sixteen 
different personality types. 
 
For a better understanding of the interpretations of the sixteen different types of 
personality, Isabel Myers designed a table was captioned as the “type table”.  Table 
4.3 presents the Myers type table, and provides details of the different permutations 
that can be achieved with the use of the tool.  Isabel Myers employed the type table 
to highlight and classify similarities and differences in the types, and also to show the 
frequencies of types in a group of people that have common characteristics.  The 
common characteristics could be their role at the workplace, such as estimating, or 
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any other activity that the group of people share.  Examples in construction include 
engineers, architects or other professional specialisations or skills involved in the 
delivery of the project. 
 
Table 4.3: Personality Type Table 
ISTJ ISFJ INFJ INTJ 
ISTP ISFP INFP INTP 
ESTP ESFP ENFP ENTP 
ESTJ ESFJ ENFJ ENTJ 
(Source: Myers et al., 1998) 
 
The accuracy of the application of MBTI has been the subject of contention in the 
past.  For example, McCauley and Mary (1994) presented evidence from their study 
that suggested that the tool could achieve an accuracy of 75% correct classification 
of type, later researchers such as Hammer and Allen (1996) reported that the 
accuracy as 85%.  McRae and Costa (1988), Carlson (1985) and McCauley and 
Mary (1994) among others have all investigated the application of Myers-Briggs Type 
Indicator for classifying personality and were of the view that the tool helped to 
explain an individual‟s personality preferences not only to employees but to the 
individual themselves.  McCauley and Mary (1994) also revealed that most 
individuals who were measured by the instrument agreed with the majority of the 
elements of their type description. 
 
Despite the confirmation of the accuracy and validity of Myers-Briggs Type Indicator 
in predicting human behaviour archetypes, some researchers such as Gardner and 
Martinko (1996) were of the view that the instrument does not produce consistent 
and valid results in measuring personality.  Gardner and Martinko (1996) undertook a 
systematic study of the application of MBTI in measuring managerial attributes, 
effectiveness and behaviours and expressed concern on the conceptual foundations 
and psychometric properties of MBTI.  Some past critics such as Gross (1962) even 
took a very extreme stance by advocating for the abolition of psychometric testing 
including personality assessing devices because of the level of misclassification.  
Gross (1962) was of the view that psychological tests were generally inaccurate and 
more significantly, immoral since the testing invaded the privacy of the respondent.  
While some critics argue for abolishing use of psychological tests including 
personality assessment devices, others are of the view that the deficiencies such 
tools should to be addressed (Goodstein and Lanyon, 1971).  Such an improvement 
could enhance their accuracy and make them more useful for assessing personality 
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types.  However, some of the controversies related to the problem of 
misclassification makes the use of the MBTI tool the preserve of the expert rather 
than a tool that could be self-administered by estimators.  The important limitation of 
self-administration rendered the use of the MBTI tool unsuitable for the testing 
required to support the experiment required for the investigation in the research on 
which this thesis is based.  Since the nature of the study in this thesis is exploring 
correlations between classified personality types and other performance variables, 
any misclassification could potentially generate spurious correlates. 
 
4.5.9 The Big Five Personality Test 
Tupes and Christal (1961) postulated that five personality traits are sufficient to 
describe adequately an individual‟s behaviour characteristics.  Other researchers of 
personality traits such as McCrae and Costa (1999) and McDonald (2008) arrived in 
a similar position on the subject and agreed with the notion expressed by Tupes and 
Christal (1961). 
 
The Big Five Personality test takes advantage of the notion of the adequacy of five 
archetypes, and is rooted in the concept that the differences in our personality are 
associated and coded in the language we speak which has evolved over several 
generations (Tupes and Christal, 1961).  McCrae and Costa (1999) revealed that the 
basic foundation of the five-factor theory of personality is that people can convey a 
vast amount of information about themselves through the expressions of thoughts, 
feelings and actions.  Therefore, any well-designed and self-reporting personality 
questionnaire could be used to express the five traits of Extraversion, 
Agreeableness, Conscientiousness, Neuroticism and Openness (McDonald, 2008) 
The name “Big Five” is derived from the number of traits that are dominant and 
unique to the individual.  Tupes and Christal (1961) explain each of these traits as 
follows. 
 
a. Openness: this refers to the extent to which an individual is accessible to 
new ideas, creative experiences and different values. 
b. Conscientiousness: this refers to the extent to which an individual is 
organised, strategic and forward planning. 
 144 
c. Extraversion: this describes the level to which an individual is inclined to 
experience positive emotions and the extent to which that individual is 
attracted to social, stimulating experiences.  
d. Agreeableness: this refers to the extent an individual shows concern for the 
feelings of others, as well as, how that individual easily makes friends with 
others.  
e. Neuroticism: it describes the extent to which an individual reacts to 
perceived threats and nerve-racking situations. 
 
Table 4.4 shows the labels that are used in describing the trait and their full meaning.  
To use the Big Five test, the embodiment letter in the trait is used in describing the 
trait instead of the full name.   
 
Table 4.4: Labels used in describing Traits  
Extraversion: 
Orientated towards the outer world  
of people, events and external activities.  
Lively, active, needing social contact and 
external stimulations. 
Versus 
Introversion: 
Orientated toward their own inner world 
thoughts and perceptions. Quiet, retiring, not 
requiring much social contact or external 
stimulation. 
High aNxiety: 
Tense, nervous, sensitive.  Prone to mood 
swings and challenged by emotionally 
gruelling situations. 
Versus 
low aNxiety: 
Calm, stable, phlegmatic.  Resilient, and able 
to cope with emotionally demanding 
situations. 
Openness  (to experience): 
Influence more by ideas, feelings and 
sensations than tangible evidence and hard 
facts.  Open to new possibilities and 
subjective experiences. 
Versus 
Pragmatism: 
Influenced more by hard facts and tangible 
evidence than subjective experiences.  Not 
open to new ideas, and insensitive to 
subtleties and possibilities. 
Agreeableness: 
Agreeable, tolerant, helpful and obliging.  Not 
stubborn, cynical or opinionated.  Happy to 
compromise. 
Versus 
Independence: 
Self-determined with regard to their own 
thoughts and actions.  Independent minded, 
Intractable, strong-willed and confrontational. 
high self-Control: 
Diligent, persevering, moralistic.  Detail-
conscious, dutiful and strongly influenced by 
social norms and expectations. 
Versus 
low self-Control: 
Lacking self-restraint, spontaneous and 
flexible.  Not attentive to details.  Not strongly 
influenced by social norms and expectations. 
(Source: Tupes and Christal, 1961) 
 
Each individual is described by a profile of five scores.  These profiles are grouped 
by cluster analysis into relatively homogeneous clusters.  Each cluster represents a 
personality type, and the average profile of the cluster members describes a 
personality prototype (Tupes and Christal, 1961). 
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The tool provided that assessment of typeness is not the measure of similarity 
between an individual profile and a prototype profile.  However, the assessment of 
typeness is a measure of the deviation from the mean profile in the sample of a 
particular personality (Tupes and Christal, 1961).  Since the typeness of an individual 
profile is not a measure of similarity with a prototypical profile, it cannot be calculated 
with a similarity coefficient such as Euclidean distance from a fixed mean profile. 
 
The Big Five Test is generally accepted as the personality test that produces the 
most stable results (Afetornu et al., 2009).  According to Tupes and Christal (1961), 
the result obtained for an individual that undergoes this test is likely to be the same 
when the test is performed on the same individual some years later.  The stability of 
the results from the Big Five Test made it the most preferred test among all the 
personality tests.  The stability factor served as a strong justification for adopting the 
Big Five tool as the basis for developing an appropriate measurement instrument to 
investigate personality profile of estimators. 
 
 
4.6 ESTIMATOR TRAITS 
Cost estimates form a key element in the planning and management of the project, 
and project staff expends considerable effort preparing them.  The reliability of the 
estimates produced is therefore vital for the planning and budgeting of any 
development.  The reliability is determined by a number of factors.  These include 
physical or exogenous factors that relate to the project and its management.  These 
physical factors are referred to as external factors.  The other factors that are related 
to the behavioural characteristics of the individual estimator in decision making 
orientations are the internal factors.  These internal factors relate to the behavioural 
characteristics of estimators and their orientations in assessing risk.  The individual 
estimator‟s orientations in assessing risk are themselves influenced by the 
personality traits of the individual estimator.  These internal factors are controlled by 
the individual estimator‟s personality traits.  The study focused on the influence these 
internal factors have on the individual estimator‟s behaviour characteristics and the 
effect of that it has the reliability of project estimates.  The internal factors that 
influenced reliability of project estimates are discussed in the subsequent sections.   
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4.6.1 Effect of Personality Traits in Estimating 
The ability to produce cost estimates to a reasonable level of reliability and in a timely 
fashion to support the efficient planning of a project is influenced by a number of 
factors.  These include the skill levels and numbers of estimators, national, industry 
and project related factors.  For example, Harris et al. (2006) considered many of the 
factors that influence estimating reliability and associated availability of information 
with greater reliability.  Other writers on the subject including, Touran and Lopez 
(2006), Skitmore and Thomas (2002), Tas and Yaman (2005), Williams (2003), 
Wong and Hui (2006), and Edwards and Bowen (1998; 2005) among others, concur 
with the role information plays in establishing reliable estimates and subscribe to the 
„information school of thought‟.  The implication from the greater information school of 
thought is that all other external factors being equal, two estimators will arrive at the 
same project cost.  While the general concept asserted by the information school of 
thought is predominantly true, it ignores the influences of internal factors such as the 
behaviour and decision orientations of estimators in their operational environment. 
 
The difference in the estimates produced by two estimators with the same 
information and under the same work environment may be accounted for by the 
influence of these internal factors in assessing risk and making decisions with 
incomplete data.  The disparity that arises from different decisions made by 
estimators implies that the estimate, and for that matter, the forecast of any event will 
have an upper limit and the lower limit. 
 
Estimators play important roles in the management of projects and business activities 
of construction organizations.  Their actions can have a direct impact on the success 
of the projects they are involved in, and consequently, the prospects of the 
companies they work for.  It is in this vein that the decision-making characteristic of 
estimators during the estimating exercise is crucial for effective management of 
construction business activities. 
 
To understand who an estimator is, and how their actions and inactions affect the 
desired level of reliability in estimating, the subsequent sections briefly explore the 
background and role of the estimator. 
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4.6.2 Background on Estimators 
Estimators are construction professionals that have graduated from estimating 
programmes the various colleges, universities, and other higher educational institutes 
that offer estimating programmes.  Some professionals become estimators through 
the route of „on-the-job‟ training after considerable years of experience.  However, 
people in this category upgrade their qualifications through further programmes in 
estimating modules offered by higher educational institutes. 
 
Estimators are individuals or group of people that predict cost of future events of 
projects before it is implemented (Archilbald and Villoria, 1967).  In doing so, 
estimators compile and analyse data on all factors that can influence cost, such as 
materials, labour, equipment, duration, location, special machinery requirements 
among others.  Often the type and size of the project determines the scope of duties 
that an estimator is required to perform.  The ability of the estimator to predict the 
future cost of materials, labour and other inputs has a direct influence on the 
reliability of the estimate they produce.  The availability of the requisite information in 
the right amounts and on a just-in-time basis can assist the estimator to make an 
effective decision given the prevalent conditions at the time of the decision.   
 
In construction, it is the norm for organisations to employ people with a formal and 
relevant educational qualification or/and training to undertake estimating.  However, 
there are cases where estimators progress through experience.  In this regard, the 
importance of the estimator's experience for establishing an estimate could not be 
overemphasised.  Archilbald and Villoria (1967) described the reliance on such 
experience for estimating as a numerical guess by the estimator based on 
experience.  
 
The work activities of an estimator include obtaining information from relevant 
sources, determining the time, costs, and resources needed to perform a work 
activity, and identifying the underlying reasons or facts of information by reducing 
each item into its separate constituent parts.  Other roles include processing, 
documenting, updating information and making decisions and solving problems.  The 
ability of the estimator to perform adequately in these activities is dependent, largely, 
on the personal orientation of the estimator in decision-making and the quality of 
information available. 
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4.6.3 Decisions in Operational Environment 
A decision maker subjectively assesses the probable outcomes of a choice in terms 
of future events and exercises a decisions based on that assessment.  The 
estimating effort involves similar subjectiveness as estimators evaluate their choices 
based on their locus of control within a future period.  The estimating process is an 
attempt to minimise the degree of subjectiveness associated with the production of 
the estimate.  It does that by relying on the use of a structured operation system and 
deploying quantitative techniques for optimisation.  In both cases, the reliability of the 
estimator's decision in the operational environment has an effect on the estimate that 
is produced.  This position was emphasised by Adams and Swanson (1976) and 
Archilbald and Villoria (1967).  Archilbald and Villoria (1967) in particular, also 
explored the factors that influence estimator behaviour during the process and 
concluded that motivation, amount of effort the estimator is willing to expend in the 
search for reliability, job-related conditions in the operational environment, personal 
characteristics of the estimator, and the manner in which information is processed 
determines the reliability of estimates.  These factors could be categorised into 
external or exogenous and internal or endogenous to the estimator.  The internal 
factors, which relate to the estimators personal decision-making orientation forms the 
focus of this research study.  
 
4.6.4. Estimator Judgment 
The ability of the estimator to make sound judgments of future events determined by 
their skills set, reputation (Abernathy, 1971).  In making the judgement and decisions, 
estimators are influenced consciously by the exogenous factors and subconsciously 
by the endogenous ones.  The estimators' ability to combine logic, common sense, 
experience, judgement and skills in making informed decisions about information on 
events drives the reliability of the outcome estimates.  Much of the judgements that 
the estimators make are based on assumptions that reflect their personal values and 
beliefs, some of which are real and others perceived.  As estimators gain experience, 
their perception-based assumptions are converted to real ones as the ability of the 
estimator in exercising sound judgement improves.  This observation supported by  
Abernathy (1971), who conducted a number of investigations into the reliability of 
estimates for different levels of experience held by the estimator.  The Abernathy 
(1971) studies revealed that estimates improve as the estimator gains experience.  
Afetornu et al. (2009) explored data in a different research context and suggested 
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that the reliability of estimates is directly proportional to the level of capability of the 
estimator.  According to Afetornu et al. (2009), the relationship between estimating 
reliability and the experience of the estimator is best captured by the relationship in 
Eqn 4.1.  If I=accurate estimate, and A= decision-making orientation of the estimator, 
then: 
 
    Eqn. 4.1 
 
Equation 4.1 shows that as the estimator makes quality decisions, the reliability of 
the estimate increases.  Decision-making orientation is a personal characteristic of 
an individual.  For example, estimators that are risk prone, make early decisions on 
information whiles those that are risk averse take a long time to analyse the event 
before making decisions.  The differing decision times that arise from the orientation 
of the estimator is presented graphically in figure 4.4.  From the theory on tools for 
testing personality, risk prone and risk averse estimators could be classified as 
Extraverts and Introverts.  According to Myers et al. (1998) people with a preference 
of Extraversion draw energy from action.  Such extravert estimators will exercise key 
decision at time T1, while their introvert counterparts will do so at time T2.  While the 
decision at time T2 will produce a reasonable change in accuracy, the extra time 
involved makes the process of estimating rather inefficient.  The question that arises 
is the time Tc when the optimum accuracy is achieved and what personality types 
reflect that optimum time.  To answer that question the personality orientations of 
estimators has to be established. 
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Figure 4.4: Time that Estimators make decision. (Source: Afetornu et al., 2009) 
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Where T1 = Time that risk prone estimator makes decision, 
T2 = Time that risk averse estimator makes decision,  
Tc = The realistic time for estimator makes decision, and  
 
From Figure 4.4, risk prone estimator has an accuracy of A1 and the risk averse 
estimator, an accuracy of A2.  The relevance of the decision taken by the estimators, 
at the time of their decision is often not apparent.  This is fully appreciated, only after 
they have been implemented and the results are known.  In all cases the aspirations 
of the estimator is to exercise the most accurate or reliable decision option (Ac) 
compatible with an optimum (Tc).  Knowing their personality archetypes will enable 
the problem of which estimators conform to the optimum (Tc) to be established. 
 
4.6.5 Information Sharing Culture  
The aspiration of the estimator is to produce project cost estimates that are reliable.  
The ability of the estimator to exhibit this aspiration is dependent on the information 
sharing culture within the project stakeholder organisations, as well as the behaviour 
characteristics of the individual estimator in exercising estimating decisions.  There 
are several reasons that have been put forward to account for the existence of 
unshared information in project environment (Barrick and Mount, 1991).  There is 
equally, evidence to support the notion that the larger the core of shared information, 
the earlier the realisation of the optimum estimate.  Goldberg (1990), for instance, 
explored the accuracy of decision-making with respect to the level of information 
sharing in the work environment and concluded that the tendency to have a greater 
or smaller proportion of shared information is driven by the psychometric archetypes 
of the individual estimator. 
 
In this regard, a number of factors influence the psychometric leanings of the 
estimator.  These factors are categorised as external and internal, and correspond to 
the exogenous and endogenous categorisations adopted for this study.  The factors 
that are related to the work environment, such as the culture of information sharing, 
constitute the external factors whiles those that are related to the conduct and 
personal characteristics of the estimator are the internal factors.  The main focus of 
the research is to study the influence of these internal factors on the reliability of the 
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estimate produce by individual estimators since these internal factors are related to 
the estimator‟s conduct. 
 
A number of studies into staff behaviour in the work environment have also shown 
that productivity and satisfaction are directly related to the fit between the demand 
the job makes and the personal characteristics of the individual.  Vianem et al. (1998) 
argued that individuals whose personality fit the organization culture often display a 
greater level of commitment than those whose personality do not fit the 
organizational culture.  The relationship between environment and the individual‟s 
orientations in the job environment has been proven to be vital in the how an 
organization achieves its goals.  Furnham (1992) studied the relationship between 
the work environment and satisfaction of the employee and concluded that “the 
greater the match between the individual‟s needs and the environment attributes, the 
greater will be the potential for the individual‟s satisfaction and believed performance” 
(Furnham, 1992). 
 
4.7 ATTRIBUTES OF THE ESTIMATOR 
The psychological attributes of the individual estimator are related to the personality 
traits of that estimator.  The influence of each of these attributes on the estimator 
differs for each individual estimator.  The personal attributes of the estimator 
influences the decisions that they make.  For example, attributes such as trust, 
ethics, integrity, judgement, experience and environment are considered to have 
significant influences on the estimator‟s decisions (Afetornu et al., 2009).  The 
influences of a selection of the above attributes on the decision-making orientation of 
the estimator are discussed in the subsequent sections. 
 
4.7.1 Trust 
Afetornu et al. (2009) argued in a contribution on the nature of the estimator‟s work 
environment that, the trust inclination of estimators becomes an important attribute 
that has a significant impact on the reliability of estimates.  They showed that in an 
organization where there is a lack of trust between superiors and subordinates, 
estimators do exhibit high levels of transparency and diligence in performing their 
work.  However, such transparency also means that estimators would work to rule 
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rather that exercise any originality or take risks and is associated with a high level of 
transaction cost.  All the same, it would appear that in work environments where 
there is limited trust estimates produced are more reliable as estimators strive to 
compensate for the lack of trust.  Trust is an attitude, which can only be shown by 
people rather than the organisation.  Uzzi (1997) and Dyer and Chu (2003) suggest 
that the level of trust the estimator has in their organisation has an effect on 
transaction costs associated with the project.  Zaheer et al. (1998) explored the 
impact of trust on the organisation and concluded that although the notion of trust 
among individuals in an organisation is commonly used, it appears to be obvious that 
individuals do not exhibit trust.  Barney (1986); Dyer and Chu (2003); Macaulay 
(1963); Egglestone et al. (2000) among others agreed with the notion that trust 
between individuals lowers transaction cost.  
 
4.7.3 Ethics and Integrity 
Estimating is professional discipline with very high standards of conduct.  Estimators 
are required to exhibit personal professional discipline in all aspects of their work by 
exercising high level of ethical conduct and moral judgment in preparing project 
estimates (Kang, 2007).  Pressures from superiors in the work environment 
sometimes affect the ethical conduct of estimators.  However, it is understood that 
part of the estimators' professional role is the ability to withstand such pressures.  
The reliability of estimates is affected in those situations where the estimator is not 
able to resist such pressures, and is subsequently reflected in the decisions of the 
estimator.  Kang (2007) has explored the ethical behaviour of project stakeholders 
including estimators in depth.  Similar to trust, issues of ethics decompose into 
organizational and personal dimensions. 
 
Integrity can be defined as consistency of actions, values, methods, measures and 
principles adopted by each individual (Kang, 2007).  Integrity is also associated with 
various aspects of a person's life.  In most instances, we speak of aspect such as 
professional and intellectual integrity among others.  In general, the quality of the 
person‟s character however, is the most important philosophical representation of 
their integrity.  A person's character portrays how the person behaves in the 
performance of their duties.  Their inherent characters in making decisions in cost 
estimating processes often directly influence estimators. 
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4.7.4 Judgment 
Rush and Roy (2001) ascertained that quantitative knowledge is the elements of 
known cost and product structures which form the basis of cost estimating.  
According to their research, these are measurable whiles qualitative knowledge is the 
assumptions and judgements that cost estimators make during the process of 
estimating.  The estimator makes the judgements based on their experience and 
information on past projects in order to arrive at an informed decision for a new 
project.  Only experienced estimators understand much of the reasoning and logic 
behind their assumptions in estimating. 
 
4.7.5 Experience and Work Environment 
Rush and Roy (2001), Thompson et al. (1994), Abernathy (1971), Kahn and Robert 
(1964), and McClelland (1951) have indicated a significant relationship between 
experience, work environment and the desired reliability for project estimates.  They 
identified the experience of the individual estimator and the conditions of the work 
environment as factors that influence significantly the reliability of project estimates.  
Thompson et al. (1994) showed how the influence of experience affects the skills and 
judgement of people.  The conclusion of Thompson et al. (1994) agreed with 
Abernathy (1971) who revealed that estimates improve as estimators gain 
experience.  The view of Thompson (1994) substantiates why expert judgement is 
used extensively during generation of cost estimates.  Cost estimators constantly 
apply a combination of personal characters such as logic, skills, experience, 
commonsense and judgement in estimating (Rush and Roy, 2001).  The conditions 
of the work environment also have an influence on the estimators' behaviour in 
estimating.  In some organisations, the ratio of projects to experienced estimators is 
very high.  In such situations, the high workload on the estimator affects the reliability 
of the decisions that the estimator makes. 
 
4.7.5.1 Pressures from Superiors on Estimator 
Pressures from superiors on estimators can have a negative impact on the freedom 
to exercise independent judgement on the part of the estimator.  The reliability of the 
estimate is seriously undermined if such pressures are not well managed by the 
estimator.  In the case of the study environment, there are pressures also exerted by 
politicians in their anxiety to satisfy voter demands.  Construction of roads is one of 
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the main campaign strategies for the dominant political parties.  In view of this, 
pressures are more pronounced in election years.  In situations like this, the 
estimator being an employee of the source of pressures is normally placed in a state 
of uncertainty in exercising their judgement for fear of being victimised should the 
judgement turn out not to be in favour to the source of pressure.  The issue is how 
the estimator can feel protected under such a situation to make informed and 
independent decisions, which might not reflect the choice of the pressure sources.   
 
 
4.8 SUMMARY  
The theories of earlier psychologists on personality and its bearing on the study were 
discussed in this chapter and presented personality traits as well as their application 
to investigate the behaviour characteristics of estimators in decision-making.  The 
various tools for testing personality and their advantages and disadvantages were 
discussed.  While most of the tools agree on what to measure for establishing 
personality trait, their reliance on expert evaluation to classify subjects make such 
tools less relevant to the study that underpins this thesis.  The Big Five tool was 
adjudged as having features that overcome the limitations of the other tools currently 
available, and was adopted for the study. 
 
The ability to produce cost estimates to a reasonable level of reliability and in a timely 
fashion to support the efficient planning of a project is influenced by a number of 
factors.  The chapter summarised these factors as the levels and numbers of 
estimators an organisation has, national, industry and project related factors, 
motivation, amount of effort the estimator is willing to expend in the search of 
accuracy, job-related conditions in the operational environment, characteristics of 
estimator himself, and the manner in which information is processed among others. 
 
The chapter also revealed that the factors that are related to the experience and work 
environment also contribute significantly to the reliability of estimates.  The review 
has identified pressures from superiors on the estimators and the influence of such 
pressures on the decision-making orientations of the estimator.  The reliability of cost 
estimates is therefore, dependent on factors some of which the estimator has control 
over.  The influence of these factors is to be studied and deductions made for the 
achievement of reliable project estimates. 
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Awareness of these trait assessment tools paved the way for the development of a 
suitable personality assessment instrument that was employed for the study.  The 
detail of the instrument and research methods adopted in the investigations of the 
influence of individual estimator‟s personality traits on project cost reliability is given 
attention in the subsequent chapter. 
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CHAPTER 5 
 
RESEARCH METHODOLOGY 
 
5.0 OVERVIEW 
This chapter opens with a brief discussion of the historical developments on research 
methods and the relevance of the different philosophical positions on research to the 
overall study.  The chapter subsequently addresses the principal methods of 
investigation commonly applied within construction management research.  More 
specifically, the two generic research methods, namely quantitative and qualitative, 
form the focus of the discussion on the methods.  It also presents how the theories 
developed by the earlier researchers informed the researcher in the selection of the 
methods for the study.  Quantitative research method was the predominant approach 
adopted in the study and the chapter provides an explanation for adopting that 
particular method.  In addition, the research concept and how the concept is applied 
in addressing the reliability of project cost estimates are covered.  This has been 
achieved by considering how the subject matter of the research relates to the factors 
that account for reliability of cost estimates from the perspective of personality traits 
of the estimator.  The chapter also presents a discussion of the characteristics of the 
data sample used in the research and its relevance to the study, as well as the 
instrument used in eliciting the data. 
 
 
5.1 RESEARCH PHILOSOPHY 
 “Philosophy” is derived from the Greek word, which translates as “the love of 
wisdom” (Bryman, 2004).  Ruona (2000) argues that philosophy involves thinking 
about an issue, trying out to deduce reasons for and against that issue in question 
and thinking about how the concept works.  Paul (1993) and Honderich (1995) have 
expressed other views on the subject, and suggest that philosophy offers a platform 
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for in-depth thinking.  This, they argue, results in an increase in the capacity of 
thinking and can provide a balance between what we think and actually do.  In that 
respect, the study involved in this research has offered ample opportunity for such 
“thinking”.  Neuman described research as “a systematic and organised effort to 
investigate a problem that requires a solution” (Neuman, 2006).  Bryman (2004) has 
suggested that there are two important philosophical considerations associated with 
construction management research.  These are epistemological and ontological 
considerations and form the focus of subsequent sub-sections of this main section. 
 
5.1.1 Epistemology  
From a philosophical stance, epistemological considerations are concerned with the 
method through which knowledge is acquired.  In other words epistemology 
addresses “how we know” (Bryman, 2004).  In construction management research 
“how we know” can be categorised into positivist and interpretivist approaches. 
 
5.1.1.1 Positivism 
The positivist approaches draw their inspiration from the natural sciences and are 
underpinned by the notion that the world order conforms to laws of causes and 
effects.  The reliance on such laws implies the use of quantification and aggregation 
to interpret phenomena.  Fitzgerald and Howcroft (1998), among others emphasised 
the fact that simplified and fundamental approaches reflected by quantification, can 
be used to tackle complex issues.  Bryman (2004) in concurring with the views 
expressed by Fitzgerald and Howcroft (1998) indicated that a good research must be 
objective, and any measurement from the study must conform to the criterion of 
repeatability.  Naturally, such a position in research would exclude many 
investigations that do not rely on replication and quantification to make a sense of the 
world.  From a positivist perspective, how we know new facts is through 
quantification and aggregation. 
 
5.1.1.2 Interpretivism 
The interpretivist perspective places a greater emphasis on the realism of the study 
context.  The essential argument of the interpretivist philosophy stems from the 
nature of the phenomena under consideration in a study.  For example, in 
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investigating how individuals respond to pain, it is very difficult to argue that all 
subjects feel the same category of pain the same way.  Simply banding different 
levels of pain to categorize respondents would not present a sufficiently robust way 
of representing individual pain.  Interpretivism would therefore suggest that the 
context of pain for each individual subject would have to be evaluated on its own, as 
any aggregation could prove meaningless and spurious. 
 
It is important to note that, while these two positions on research dominate the 
construction scene, a number of critics have argued for and against each of the two 
options.  For example, Seymour et al. (1997) criticised the predominance of 
positivism in construction research.  According to Seymour et al. (1997) the 
closeness of the researcher to the data source in the built environment is vital for a 
meaningful outcome to be derived from the research work.  Seymour et al. (1997) 
therefore criticised advocated for more interpretivist approaches to be applied to 
research in the built environment.  However, the view of other contributors counter 
advocacy of Seymour et al. (1997) by arguing that the use of only one perspective is 
inadequate, and that both perspectives are essential for developing a holistic „picture‟ 
of the world around us (Green, 1998). 
 
5.1.2 Ontological Consideration 
Fitzgerald and Howcroft (1998) defined ontology as the logical investigation of the 
diverse manner in which different types of things are thought to exist.  They further 
identified the two categories of ontology considerations as realist and relativist.  
These are briefly explored in the subsequent sections. 
 
5.1.2.1 Realist Position 
Researchers with a realist position consider the external world to be made up of hard 
and tangible structures and therefore, are characterised by an objective creation of 
the mind.  According to Breakwell et al. (2006), researchers with a realist perspective 
see theories as a useful way of predicting what will happen in future.  They however, 
do not make any open claim as to the said theory by describing any real life issue. 
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5.1.2.2 Relativist Position 
The relativist position views the external world as consisting of multiple existences of 
actuality as subjective construction of the mind.  The relativist position is of the view 
that personal and social factors cannot be excluded from science.  The relativist 
position therefore, considers the fact that any theory only describes objective reality.  
According to Breakwell et al. (2006), the acceptance of any theory is socially reached 
through consensus among the scientific community as to what to believe. 
 
Table 5.1 shows the summary of philosophical considerations of the two perspectives 
and their sub-categories as projected by the contributions of Fitzgerald and Howcroft 
(1998) and Bryman (2004). 
 
Table 5.1: Summary of philosophical considerations 
Ontological considerations 
Realist 
External world comprise pre-existing hard and 
tangible structures 
Structures exist depending on the individual 
ability to acquire knowledge. 
Relativist 
Existence of multiple as subjective 
construction of the mind 
Perception of reality is directed by varying 
socially transmitted terms. 
Epistemological consideration 
Positivist 
Application of natural science methods to the 
study of social reality and beyond 
World conforms to causation laws and complex 
issues can be digested through reductionism 
Interpretivist 
Absence of universal truth and emphasis on 
realism of contact 
Understanding and interpretation come from 
researcher‟s own frame of reference. 
(Sources: Fitzgerald and Howcroft, 1998); Bryman, 2004) 
 
Table 5.1 presents the two considerations in a simplified format that highlights the 
differences and the conditions under which they could be selected for a particular 
type of research. 
 
5.1.3 Cognition and Neuroscience 
The dominant philosophies that inform studies in personality are often derived from 
the science of cognition.  According to Lindsay and Norman (1977) and Neisser 
(1967), cognition focuses on the level of information processing that is a reflection of 
mental activity.   
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Easton and Emery (2005) define cognitive neuroscience as the understanding of the 
neural mechanism of cognitive processes such as thought, perception, and 
language.  Cognitive neuroscience is therefore, concerned with the understanding of 
the functioning of the brain itself and can be considered similar to biological 
psychology.  Biological psychology is defined as “the study of the brain and how it 
causes or relates to behaviour” (Wickens, 2005).  In essence therefore, social 
cognitive neuroscience is the study of neural mechanisms of social cognition and 
social interaction in human and animals. 
 
5.1.5 Philosophical Stance of the Research 
The reliability of project cost estimates is a perennial problem in both developed and 
developing economies.  Data availability and accuracy alone does not ensure the 
reliability of estimates.  The driving force behind estimating process is the estimator.  
The research therefore, was directed at understanding the influence of individual 
estimator‟s personality traits on the reliability of estimates. 
 
In addressing this problem, a number of theoretical considerations were explored.  
The first of these consideration is the prime question: do personality traits of 
individual estimators differ and if they do, to what extent does that difference 
influence the reliability of project cost estimates?  
 
The theory on cognitive neuroscience was adopted to facilitate a deeper 
understanding of the cognition characteristics displayed by individuals and how that 
influences attribute differences.  Cognitive neuroscience also strengthens the  
position of this study regarding the adoption of the psychological theories developed 
by Allport (1937), Cattell (1965) and Eysenck (1961) on uniqueness of the personality 
traits of every individual.  These theories clearly suggest that differences exist in the 
behavioural characteristics of individual estimator in decision-making.  Moreover, it 
supports the assertion that these differences might have an influence on the reliability 
of estimates produced by each individual estimator in a different way.  The research 
concept was therefore, formulated with these theories as its foundation. 
 
The research method was designed for simplicity and at the same time to emphasize 
an understanding of the causes of the problems identified with respect to reliability of 
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project estimates.  The theory of positivist epistemological consideration was adopted 
as the basis for the collection of data from the study source. 
 
 
5.2. TYPES OF RESEARCH METHODS 
This section addresses three principal aspects of research methods that dominate 
the doctoral studies in construction management.  It commences with a look at the 
environment for the research study and goes on to address the qualitative and 
quantitative options applied by a significant number of researchers.  The relevance of 
providing such coverage derives from the point that the methods for undertaking 
research in general have varied and developed considerably over the years.  
McQueen and Knussen (2002) identified the variations and developments over the 
years in the aims of the type of research, the philosophies behind them, and the 
practices and procedures used by various researchers. 
 
5.2.1 Study Environment 
The study environment gives rise to variables that incorporate both generic and 
context specific characteristics.  The context specific aspect of the variables have an 
effect on the data recorded and therefore could influence the results of the research.  
The contextual influences of the study environment include such factors as inflation, 
the organisation itself, and the geographical location among others.  It is therefore, 
useful that adequate measures are put forward to account for the influence of the 
environment on any research work.  The study environment could influence the 
research in many ways.  For example, in many developing economies, the lack of 
digital databases make paper based data systems very inefficient to manage.  
Archives of records are hardly employed to inform future developments because of 
the effort involved in accessing such data.  Any study that requires the use of such 
archives would require adequate time for the retrieval of the relevant documents, 
often relocated for lack of storage, and sometimes distorted by the loss of some of 
the records held.  The environment is a key factor towards the realisation of good 
research findings in this context and contributes to the accuracy in the recordings 
that are obtainable from the investigations of the data of the dependent and 
independent variables in the research work. 
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5.2.2 Qualitative Method 
Qualitative methods are investigative tools that are employed for research to address 
the „why‟, and typically, not the „how‟ of phenomena by analysing unstructured 
information.  Its use relies on elicitation instruments such as interview transcripts, 
open-ended survey responses, emails, notes, official reports, feedback forms, photos 
and videos (Bryman, 1989). The use of qualitative investigation does not rely on 
statistics and quantitative representation, which are the domain of quantitative 
researchers.  Typically, qualitative tools enable the investigator to gain insight into 
the attitudes, behaviours, value systems, concerns, motivations, aspirations, culture 
or lifestyles of a subject or a group of people.  When appropriately used, it can inform 
business decisions, policy formation, as well as communication and research in an 
organisation, a community or society. 
 
Common techniques deployed under this method of study include the use of focus 
groups, in-depth interviews, content analysis, ethnography, evaluation and semiotics.  
While such formal approaches dominate the qualitative investigations, research in 
that field also involves analysis of unstructured information.  The collection and 
analysis of such unstructured information can often involve meticulous and 
painstaking effort that can be time consuming.  It is often a daunting prospect when 
confronted with large volumes of archival materials, and finding accurate themes and 
extracting meaning for phenomena can prove a difficult undertaking.  Qualitative 
method avoids the notion whereby the researcher has to be the source of what is 
relevant and important in that field of study thus the study could be undertaken 
without prior information (Bryman, 1989). 
 
In applying qualitative methods, data is collected without preconceived models and 
this orientation tends to support an illustrative mode of reporting (Frechtling and 
Sharp, 1997).  According to Breakwell et al. (2006), qualitative analysis tends to be 
less explicit about the process of interpretation.  An example of such limited 
interpretation includes data obtained in an unstructured opinion survey.  The 
subjective nature of the responses makes it difficult to derive a consensus view 
across the survey sample.  The subjective nature of this method prompted Bryman 
(1989) declare that the characteristics of qualitative data are unwieldy, unstructured, 
rich, complex, detailed, and with a concern for in-depth understanding of systems, 
processes and change.  The in-depth understanding is not achieved by relying on 
quantification or aggregation to develop a representation, but is based on the 
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assumption that there are multiple experiences and perspectives each of which is 
valid in their own right (Breakwell et al., 2006). 
 
The features of qualitative research outline above do not match the characteristics of 
the study upon which this thesis is based, as the object is to establish potential 
causation. 
 
5.2.3 Quantitative Method 
Quantitative research involves the gathering of factual data that is represented in 
numerical format in order to study particular characteristics of interest about a 
phenomenon.  The phenomena could range from a description of the behaviour of a 
source, characterising some other physical property of the source, or the relationship 
between a number of sources being studied.  Often, in the use of quantitative tools it 
is important to establish relationships between how measured phenomena compare 
with existing theories.  According to Fellow and Liu (2002), the application of 
quantitative methods in construction is driven by data that is collected by the use of 
scientific techniques and evaluated using aggregation.  There are several scientific 
methods for collecting data when applying quantitative method of research, and 
these can range from simple numerical count to the use of multivariate analysis.  The 
use of quantitative research options is driven by prior concerns from either literature 
reviews or from existing theories in the particular field of study (Bryman, 1989).  The 
reliability of the quantitative method is dependent the level of limitation associated 
with the management of the sample employed; including non-response limitations, 
data elicitation errors and data processing errors (Bryman and Bell, 2007). 
 
The method used for this research is discussed in much more detail in the 
subsequent sections of this chapter.  The nature of the predominant investigation 
conducted in this study involved establishing causation between estimator attitude 
and reliability of project estimates.  The derivation of such causation calls for the use 
of appropriate testing using numerical values to represent the principal variables 
being examined.  While estimating reliability can be defined by using measured real 
number deviations, the estimator attitudes can take various forms of measurement 
depending on the type of characteristic under scrutiny.  The use of numerical values 
to establish the characteristics of the behaviour between two variables essentially 
reflects a quantitative approach. 
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5.2.4 Triangulation  
For some specific types of investigations, the use of a single research orientation is 
inadequate to achieve construct and internal validity.  The adoption of triangulation 
involves an investigation where different approaches, such as qualitative and 
quantitative methods, are used in the same study to overcome the construct 
limitations presented by only one technique (Maanen, 1983).  The weakness in each 
method is counter-balanced by the other method, thus, providing a means for cross 
checking that the construct for the study is apt.  The growing use of triangulation in 
construction research has grown over the past two decades as researcher in the 
discipline recognise the limitation of the use of qualitative options for deriving 
inferences that can be generalised for their investigation.  In the light of the growing 
reliance on triangulation within the discipline, it is important to point out that Maanen 
(1983) has indicated that the technique is not be suitable for some types of studies.  
Easterby-Smith et al. (2002) identified four distinct categories of triangulation that are 
in common use within human-based research.  These are theoretical triangulation, 
investigator triangulation, data triangulation and methodological triangulation.  
Easterby-Smith et al. (2002) described each of the categories as follows. 
 
Theoretical: This involves using models from other discipline to explain the 
situations in another discipline. 
Investigator: the collection of data on the same situation by different people and the 
results compared. 
Data: this involves collection of data from different sources or from different 
timeframe.  
Methodological: this involves data collection using both quantitative and qualitative 
methods.  It could equally involve the use of two different methods from either the 
qualitative or the quantitative persuasion. 
 
The use of the triangulation technique for research has been criticised by some 
investigators.  Notable among them is Yin (2003) who argued that the use of multiple 
sources for collecting data makes any study conducted by triangulation very 
expensive.  The research conducted for this thesis did not adopt any of the 
triangulation techniques as the construct of the investigation did not demand the use 
of multiple techniques for establishing whether estimator attributes have a causal 
relationship with the reliability of project cost estimates. 
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5.2.6 Choice of Research Method 
Several forces drive the selection of an appropriate research method.  Remenyi et al. 
(1998) suggest that availability of resources needed for the research, and the specific 
problem that the research addresses form part of the main forces that drive the 
selection of a research method.  Peters and Howard (2001) identified key principles 
that should be observed in the selection as ensuring a systematic approach to the 
research, achieving rigour in the investigations and analysis involved, and good focus 
on the research topic.   
 
The choice of a research method is important especially for ensuring that the all 
relevant variables connected to the study are identified, and their interaction and the 
extent of impact their exercise on the quality of the results are sufficiently defined.   
 
In deciding on the method to be employed for the investigation, emphasis was laid on 
the fit of the adopted method to the type of investigation required as well as the 
thoroughness and comprehensiveness in representing the variables being studied.  
In particular, it became apparent at the early stages of the study that the method of 
investigation adopted is dependent on the subject matter of the research.  The 
adoption of an inappropriate method could lead to the establishment of results and 
findings that could prove rather spurious for the study.  The factors that impact 
significantly on the findings of the research were given necessary considerations 
prior to selecting the method.  These included factors that were affected directly or 
indirectly by the nature of the study and would form the essential variables for the 
investigation, as well as the external and internal environment context for the 
research work. 
 
Brewerton and Lynne (2001) commented on the current practice of adopting a 
research method for a particular study at the early stage of the research and argued 
that such a position often implicated a substantial tuning or at best a fine-tuning of 
the adopted approach.  The essence of the fine-tuning is to ensure that the 
investigation does not become akin to a student laboratory exercise, whereby 
investigations are conducted, often with known outcomes, but only replicated for the 
purposes of learning existing or known facts.   
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5.3 RESEARCH CONCEPT 
The method of estimating project cost within the construction industry in Ghana does 
not produce the results that matches with the speed and reliability demanded by the 
government and other stakeholders.  While obvious exogenous factors can 
contribute to any improvement in satisfying the concerns of the stakeholders, the 
quality and contribution of the key individual at the heart of the production of that 
estimate could hold the key achieving the desired level of reliability.  The 
fundamental concept within the argument that drives the investigation of this 
research is a potential causation of reliability in estimates by estimator personality 
archetypes.  To establish the causation a number of key supporting investigations 
were conducted to complement the research.  These complementary and 
supplementary details along with of cardinal proposition together form the research 
concept.  Figure 5.1 shows the research concept for investigating the influence of 
estimator personality trait on the reliability of project cost estimate. 
 
 
Figure 5.1: Research Concept 
 
The essential problem identified with construction costing in Ghana is the unreliability 
of project estimates.  To understand the problem requires a good knowledge of 
Reliable Estimates
Design of Trait 
Adjusting Programmes 
to Improve Reliability
Measurement of Trait
Statistical Analysis
Estimator:
•Knowledge
•Personal Trait
•Environment
Reliability Influences
•Personality Leanings 
of Estimators
Improved Reliability of 
Estimates
Calculation of 
Component 
Costs
Potential 
Variations of 
Contingencies
 167 
construction processes and how project estimates are generated.  In construction, 
estimates are generated from the computation of cost components of materials, plant 
and equipment and labour.  Contingency is then determined and applied to the cost 
components to produce the project cost components. 
 
The term contingency in construction is the additional sum set as a limit to the 
computed cost components of labour, materials and equipment to compensate for 
project-related issues that the estimator could not have foreseen.  In other words, the 
estimator allows for an amount in the estimate as contingency to cater for risks 
associated with the execution of the construction project.  In another sense, the 
contingency is a reflection of the confidence that the estimator, and for that matter 
their organisation, has in their ability to produce a reliable estimate.  The amount 
fixed for the contingency has no scientific basis and is often based on a „rule of 
thumb‟ or on the estimators experience in projects of similar nature to the one on 
hand (McCaffer, 1976).  The more experience the estimator has in delivering similar 
projects, the higher their confidence in estimating, and the lower the allowance that 
they need to make for contingency and vice versa.  In both cases, the amount 
allowed for contingency is largely dependent on the ability of the individual estimator 
in assessing and making informed judgements on what the outturn cost of the project 
is likely to be.  This judgement of the estimator is in itself influenced by the individual 
behaviour characteristics and decision-making orientation of the estimator. 
 
A number of additional factors also influence the determination of the contingency.  
These include the following: 
 
 the knowledge of the estimator in the field of estimating; 
 the general experience of the estimator in the field of estimating; 
 the environment of estimating; and,  
 the risk orientations of the estimator. 
 
The combined effect of these factors will reflect different permutation outcomes for 
different estimators, as their general and specific knowledge and experience will 
differ from one individual to another.   
 
The rationale of the research concept is that achieving estimating reliability is driven 
by three dominant characteristics, the knowledge and information that the estimator 
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has at the time of the costing, the environment in which the estimate is calculated, 
and the personality trait of the estimator.  However, the contribution that each of 
these characteristics makes is not established, so the extent to which each 
characteristic has to be improved to bring about a desired level of reliability is not 
obvious.  Thus far, research has indicated that the effective improvement in the 
exogenous aspects of those characteristics, namely, the environment and available 
information, lead to commensurate improvement in estimate quality.  The extent of 
the marginal improvement in the quality of the estimate for a unit improvement in 
each of the exogenous factors is however, not yet established.  Potentially, the 
current situation could imply inefficient application of improvement effort applied to 
the exogenous factors.  Establishing the solution to the potential problem of 
inefficient application of exogenous factors essentially requires the collection and 
analysis of the relevant data.  Of greater significance to the reliability difficulty 
however, is the endogenous problem of estimator behaviour in decision-making.  
Thus far, no construct exist that addresses how personality archetype of estimators 
relate to their estimating reliability.  Establishing the construct of that relationship 
should pave the way for developing the foundations of the type of data to collect in 
order to address the marginal effect of the endogenous estimator trait on reliability of 
the estimates they produce. 
 
The nature of investigation called for developing two principal tools of elicitation to 
establish the construct of the form of causation that exists between estimator 
personality trait and reliability of estimates.  The first tool relates to the measurement 
of estimator personality attribute, and the second tool addresses the measurement of 
reliability for construction project cost estimates.  The details for each of the tools are 
addressed subsequently. 
 
5.3.1 Data Collection Technique 
Breakwell et al. (2006) argue that data for this type of research can be obtained from 
target sources either by a direct or indirect means of elicitation.  The direct elicitation 
approaches include self-reporting mechanisms such as interviewing, self-completion 
questionnaire, observing and revealing ones behaviour through either performance of 
tasks or a role play in any activity.  The indirect elicitation options involve observation 
by the researcher of the respondent behaviour.  The indirect approach could also 
involve observation of archival records and witnesses. 
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For the purpose of this research, the direct elicitation method was adopted for 
obtaining the data of the study.  Different techniques for elicitation of data in the 
direct method were outlined in the earlier section.  The study however, adopted the 
self-completion of questionnaire method to elicit the principal data for personality 
measurement in consonance with similar approaches in fields of study such as 
psychology. 
 
The validity of any data collected is dependent upon the controls that the researcher 
exerts on the respondents.  In collecting the data, the researcher achieved these 
controls by mitigating the risks commonly associated with the design of 
questionnaires.  It includes ensuring that respondents do not form a pattern of 
response by providing an instrument in such a manner that its intentions are masked 
to the respondents.  In this research, the researcher made presentations on the 
subject matter to provide the participants with relevant information on the purpose of 
the exercise prior to the commencement of answering the questionnaire.   
 
5.3.1.1 Type of Data Collected 
The data for the research were obtained from two separate workshops organised by 
the researcher for one sample and through questionnaires sent out to the other 
sample.  Estimators for the two workshops were drawn from the Agencies under the 
Ministry of Roads and Highways in Ghana.  The Agencies were Ghana Highway 
Authority, Department of Urban Roads and Department of Feeder Roads.  Two 
categories of data were collected from each of the workshops.  These were data from 
the responses to the questionnaire and cost estimates prepared by each individual 
estimator on the same design drawings with the same project information. 
 
The design of the questionnaire for the research, the reasons of selecting estimators 
from the road sector for the study and the organisation of the workshops for the 
elicitation of data will be discussed further in the succeeding sections. 
 
5.3.2 Data Analysis Techniques 
Data analysis is concerned with how data are systematically interpreted in a logical 
sequence for the validity and reliability of the conclusions that are drawn.  Data 
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collected for the research were personality traits data and cost estimates data.  The 
personality traits of the individual estimators were determined from the data using the 
personality instrument developed for the study.  Statistical analysis was used in 
determining the influence of personality and some demographic data such as 
experience and qualification on reliability of project estimates. 
 
According to Tupes and Christal (1961), five personality traits are sufficient for 
adequately describing the individual‟s behavioural characteristics.  The Big Five 
Personality test is one of such instruments.  The name “Big Five” is derived from the 
number of traits that are dominant and unique to the individual.  The “Big Five” 
informed the researcher in the design of the personality instrument used for the 
study.  The traits that were used in the design of the research personality instrument 
were Openness, Conscientiousness, Extroversion, Agreeableness, and Neuroticism 
among others.  Brief explanation of each trait by Tupes and Christal (1961) is as 
follows. 
 
f. Openness: this refers to the extent to which individual is accessible to new 
ideas, creative experiences and different values. 
g. Conscientiousness: this refers to the extent to which an individual is 
organised, strategic and forward planning. 
h. Extroversion: this describes the level to which an individual is inclined to 
experience positive emotions and the extent to which the individual is 
attracted to social, stimulating experiences.  
i. Agreeableness: this refers to the extent the individual is concern about the 
feelings of others and how easily the individual makes friends with others.  
j. Neuroticism: it describes the extent to which the individual reacts to 
perceived threats and nerve-racking situations. 
 
These profiles are grouped by analysis into relatively homogeneous clusters.  Each 
cluster represents a personality type, and the average profile of the cluster members 
describes a personality prototype.  Continuous measure of a typeness is not the 
measure of similarity between an individual profile and the prototype profile but rather 
continuous measure of typeness is the measure of the deviation from the mean 
profile in the sample from the deviation of a personality (Tupes and Christal, 1961).  
Thus, type of an individual profile is not a measure of similarity with the prototypical 
profile. 
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Defining prototypical personality profiles 
The parameters that characterise individual profiles with regard to personality depend 
to some extent on how the prototypical profiles are defined.  Asendorpf (2006) 
identified three main approaches for defining the prototypical profiles as follows. 
 
a. Empirical Definitions 
In empirical definitions, personality types are derived through cluster analysis.  The 
resultant cluster centres define the prototypical profiles (Asendorpf, 2006).  This 
method has the advantage of defining the resulting profiles such that the profiles 
simultaneously maximise differences between the types and minimise the mean 
individual distance from the best-fitting type.  The method however, has a 
disadvantage of showing only moderate similarity across different studies because 
the resultant profiles depend on the specifics of the assessment instrument and the 
sample of individuals. 
 
b. A priori raw-score definitions 
In this method, the prototypical profiles are defined independent on the specifics of 
the study in terms of profiles of raw scores (Asendorpf, 2006).  The advantages and 
disadvantages in the empirical method are the same as for this method. 
 
c. A priori z-score definitions 
This definition attempts to minimise the disadvantages in the empirical and priori-raw-
score approaches and make it possible to use identical prototypical profiles for 
different assessment instruments. 
 
 
5.4 DESIGN OF ELICITATION INSTRUMENT 
The personality trait of estimators is a consistent and enduring predisposition in the 
way they behave not only in their personal life but also in the work environment.  This 
can be established by employing an appropriate measurement instrument.  The 
adopted instrument as developed by adopting the categorisations of the Big Five 
traits originally developed by Tupes and Christal (1961).   
 
The developed elicitation instrument can be found in Appendix B, and is divided into 
two sections.  Section A addresses the background details of the respondent and is 
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aimed at eliciting data such as years of experience, educational and technical 
qualification, technical experience in estimating, as well as current career position.  
The review established that the details elicited in Section A of the instrument have an 
influence on the attainment of reliability in cost estimating.  The data elicited from this 
section will enable the testing of the hypothesis of such influence.   
 
Section B is aimed at eliciting the personality characteristics of the respondent 
estimator.  It employs ten sets of questions that define the positive and negative 
reflections of the five principal categorisations adopted for the study.  Each category 
was addressed with two sets of questions.  This ensured systematic classification of 
the extent to which the respondent reflected a particular trait.  One set of questions 
addressed for example Extraversion, and the second set will cover the opposite pole 
of Introversion.  The rationale is that individuals have varying degrees of a particular 
trait, and the sum of their trait effects is what reflects as their personality archetype 
as illustrated by Figure 5.2.  For example, questions addressing the Extraversion trait 
were structured to address a trait scale of Extraversion at one end to Introversion at 
the other end of the scale.  The other four dominant traits received similar attention 
and a set of two questions were developed to address each dominant archetype.  
Each set of questions consisted of five separate questions that explored the degree 
to which the respondent reflected that archetype.  The last activity in the design of 
the instrument involved re-ordering the sets of questions to mask any obvious 
patterns to ensure effective engagement during the response.  Piloting of the 
resulting instrument with five estimators showed it was efficiently designed and 
efficacious for the type of data required for the study.   
 
 
Figure 5.2  Contributor traits to estimator personality 
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The second tool deployed for the study involved the elicitation of estimating reliability 
for the respondent and is presented in Appendix D.  This was achieved by designing 
an exercise that required estimators to addressed a technical task and then 
evaluating their performance by applying the principles of quality control charts.  The 
banding adopted for the control charts are addressed in the relevant sections under 
the analysis of the data. 
 
5.4.1 Questionnaire Design 
The method used in the gathering of data was by a self-reporting instrument.  There 
are different types of self-reporting instruments for conducting personality test.  The 
research however, adopted the questionnaire option for the self-reporting exercise to 
design a bespoke instrument.  The questionnaire drew on several personality testing 
instruments with the “Big-Five” instrument as the dominant contributor.  The designed 
instrument was based on the notion that the differences in our personality are 
associated and coded in the language we speak.  The adopted classifications for the 
designed instrument were Openness, Conscientiousness, Extroversion, 
Agreeableness, and Neuroticism. 
 
While the classification was based on the configuration of the Big Five personality 
test, its detailed composition drew on other instruments as well as other extraneous 
factors prevailing in the study environment.  The resultant instrument was trialled for 
stability of classification and clarity of terminology and general content.  As such, the 
result obtained from an individual that undergoes the test is likely to be the same 
when the test is performed on the same individual some years later on if their 
circumstance has not altered.  The questionnaire for the research was designed to 
be simple, user friendly, low cost of application and versatility.  The questionnaire for 
the study was designed to enable ease of completion.  The measures that were 
adopted to mitigate the risks identified in the design of the questionnaire are 
discussed in the subsequent section. 
 
5.4.2 Wording of Questionnaire 
The questions in the instrument were designed to be simple and straight forward, and 
every effort was made to avoid ambiguities.  The wordings were crafted to mitigate 
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following risks identified by Breakwell et al. (2006), Oppenheim (1992) and Sudman 
and Bradburn (1992) among others in questionnaire design.  Some of these risks are 
addressed below on how the study responded to them. 
 
Vagueness and ambiguity 
This risk is occurs when the investigator is vague in phrasing the questions.  In such 
circumstances, the respondents try to guess what the questions mean and respond 
based on that assumption.  Each respondent may guess differently in accordance 
with theories of the uniqueness of individual personality trait proposed by Allport 
(1937), Cattell (1965) and Eysenck (1961).  The inability of the respondents to arrive 
at the same guesses creates hidden ambiguity in any data from such questionnaire 
instruments.  The mitigation measures employed for this study were to phrase 
questions for this research in clear language, and simple sentences that facilitates a 
common understanding by all the estimators.  The effort to achieve clarity in the 
questions was complemented by the presence of the researcher at the elicitation 
workshop to provide explanations and clarifications for any that the responding 
estimators needed. 
 
Technical terminology 
This risk emanates from the use of questions that are phrased with technical 
language beyond the understanding of the respondent.  What constitutes technical in 
this case could come from the use of technological terms, or context-related terms 
that is understood elsewhere but which is not commonly used in the study 
environment.  The mitigation measures employed for this risk in the design of the 
questionnaire was that the questions were phrased in estimating terminologies that 
reflected day-to-day concepts in use for cost estimating within the profession in 
Ghana.  The study drew on the expertise of relevant professional associations to 
confirm the efficacy of all terms in aiding a common meaning of the affected 
questions. 
 
Hypothetical questions 
Hypothetical questions are questions that propose scenarios to which the responded 
has to react, such as “what would you do if … ”.  Such questions should be formed 
such that the scenarios appear reasonable and realistic to the respondents.  The 
questions of the research were presented in a form that enabled estimators to rank 
themselves on a scale of five categories from specific questions that matched the 
work context of estimators in Ghana. 
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Leading questions 
Leading questions such as “do you agree that the government‟s policies on 
construction industry development are unfair?”, for example subtly urges the 
respondent to agree with you.  This was avoided in the questionnaire for the 
research.  The questions in questionnaire were designed for the respondents to rank 
themselves on a scale of five without an indication of how they should respond. 
 
Double-barrelled questions 
These questions involve multiple premises.  To avoid ambiguity, the questions in the 
questionnaire for the research were specific questions with a basic requirement for a 
definitive response and not multiple answers.  The avoidance of such double-
barrelled question matches well the decision requirements of most estimators, who 
are used to providing definitive decisions on issues in estimating. 
 
Social desirability 
Social-desirability is concern on the part of respondents regarding their desire to 
present their responses in a more positive manner.  The reliability of the data in such 
instance could not be guaranteed due to potential bias in the response patterns 
provided by estimators who reflect such an orientation.  Krosnick and Schuman 
(1988) argued that people are more prepared to agree on something than to disagree 
with the same thing.  Such an effect is often accentuated by the presence of status-
defining responses or request for sensitive information in the instrument.  In this 
research, socially sensitive demographic data (for example income level) that were 
considered as confidential to the respondents were not included in the questionnaire.  
 
5.4.3 Background and Demographic Data 
Some respondents consider demographic data such as age for example as 
confidential.  If the confidentiality requirement is not adhered to in the questionnaire, 
respondents end up giving answers which do provide a true reflection of their 
attitudes and thereby generate spurious inferences.  In this research, questions on 
demographic were limited to years of experience, and educational qualifications, as 
such information is already available from other non-confidential sources.  In general, 
the estimators in Ghana did not view questions about their experience as confidential 
and intrusive.  However, information about their age was seen as intrusive and so 
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that detail was excluded and substituted by their years of specific and general 
experience related to estimating. 
 
5.4.4 Intentions, Expectations and Aspirations 
According to Breakwell et al. (2006), many social psychology theories are concerned 
with accounting for intentions, expectations and aspirations.  This are easily 
accessed through questionnaire.  This important point makes the use and structure 
of the questionnaire for data elicitation essential for achieving good responses.  The 
questions for the research were specified without referring to the intentions, 
expectations and aspirations of estimators.  Equally, other pertinent factors that 
relate to the structure of the instrument were addressed and are considered briefly in 
the sections below. 
 
5.4.4.1 Questionnaire Layout 
Many factors have to be considered in designing the layout of a good of 
questionnaire.  They include how attractive the questionnaire instrument is.  Some 
layouts lend themselves to ease of completion of the instrument and some other 
rather hinder engagement by the respondent.  For the purpose of the study, the 
questionnaire was properly structured and presented in a format that could potentially 
attract quality and high response rate. 
 
5.4.4.2 Respondent Motivation 
The good elicitation instrument also has to address respondent motivations in 
questionnaire design.  The more pronounced ones are confidentiality of responses, 
and encouragement of individuals that their responses are of value to the overall 
study.  The administration of the instrument was preceded by a presentation prior to 
the commencement of answering the questions.  The purpose was to alleviate fears 
among the estimators and also to assure them that their responses would be treated 
with the highest confidentiality.  In order to allow the estimators the choice of 
participating in the feedback, the last part of the questionnaire required estimators to 
state either “yes” or “no” to such participation in the feedback exercise.  Also, the 
introductory letters for the questionnaire thanked the estimators for their time in 
attending the workshop and answering the questionnaire.  Food and travelling 
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allowance were also provided to motivate the participants at the workshop for more 
reliable responses. 
 
5.4.4.3 Question Order 
In this research, demographic questions were included at the first part of the 
questionnaire to allow the estimators enough time to attend to more important 
questions.  This way, the instrument built up the engagement of the respondent by 
progressing from information that is more familiar to the estimator, to ones that are 
less familiar, and thereby giving them confidence to respond fully. 
 
5.4.5 Response Formats 
Breakwell et al. (2006) listed three main types of questionnaire formats as 
categorical, multiple and rating scales.  The format used in any questionnaire design 
is dependent on the aim of the research.  Each of the types is discussed briefly. 
 
5.4.5.1 Categorical Response 
In categorical response format only two alternatives are provided for the respondent 
to choose only one of the alternatives.  This format was not adopted as the dominant 
approach for eliciting the essential research data for the study due to its limitation on 
the number of alternatives.  It only featured in follow-on administrative aspect 
associated with their completion of the instrument. 
 
5.4.5.2 Multiple Response 
This format is similar to categorical response format but in this case the respondent 
could choose from a multiple of options as their response. This format was adopted 
for the first section of the instrument, to facilitate consistency in their responses and 
also ensure that the data provided can be addressed with appropriate statistical 
tools.  
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5.4.5.3 Rating Scales 
The research adopted rating scale in the design of the questionnaire for the key 
aspects of establishing trait orientation for the respondent estimators.  The 
statements on the questionnaire were designed with a scale of five and the 
respondents made their choice appropriately.  Sample form of the letter to the 
estimators on the questionnaire is provided in Appendix A and the responses to the 
questionnaires are provided in Appendices B and C for the observed and control 
groups respectively. 
 
5.5 SUMMARY 
The chapter has demonstrated the importance of a good foundation for data 
elicitation.  It achieved that by outlining the historical developments of research 
philosophy.  Two main schools of thoughts in social research were identified as 
epistemological and ontological considerations.  Epistemological considerations is 
concerned with the method through which knowledge is acquired whiles ontological 
considerations concerns with the logical investigations of the divers manner in which 
different types of things are thought to exist.   
 
The chapter also explored the two main methods of research, which were identified 
in the review as quantitative and qualitative.  The chapter presented the 
characteristics of each method and the techniques used in elicitation of data under 
each method.  The chapter explained the reasons of adopting the quantitative 
method for the research. 
 
It further, provided details of the design of the two elicitation instruments that were 
employed to collect data along with the mitigation effort directed at potential risks for 
studies of this nature.  The next chapter presents how the data from the study was 
treated, the analytical techniques employed as well as the precautions applied to 
maintain internal and construct validity.   
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CHAPTER 6 
 
ANALYTICAL FRAMEWORK OF THE STUDY 
 
6.0 OVERVIEW 
The chapter addresses the basics for using analysis of variance (ANOVA) and other 
tools employed for managing and analysing the data obtained from the study.  In 
particular, the use of graphical representation of the data held considerable value to 
the researcher as argued by (Tukey, 1977).  Other investigators such as Cohen et al. 
(2003) concurred on the role that data display through graphic visualisation could 
play in conveying the findings from an investigation.  The chapter also presents 
various sampling methods and the advantages and disadvantages of each.  Different 
types of variables namely ordinal, nominal and interval/ratio addressed and the 
choice of the most suitable option justified.  The chapter further presents various 
forms of variable distributions and the circumstances under which each is applied. 
 
In addition, the two types of hypothesis testing commonly applied to investigate 
phenomena in construction management namely one-tailed and two-tailed test are 
discussed.  The chapter also addresses different types of transformations to prepare 
data for analysis, as well as data treatment for a one-way ANOVA testing. 
 
 
6.1 DATA AND SAMPLE CONSIDERATIONS 
This section discussed the population, sample from the population and the different 
methods for sampling from the population to support a research study.  The section 
also presents different types of data required for the analysis in this study.  This 
section also explains the reasons of adopting the particular sampling method and 
type of variable for the research.  
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6.1.1 Population and Sample size 
The word population has different meaning depending on the purpose for which it is 
being used.  In research work within construction management the term population is 
used broadly to reflect immeasurable membership of sources from which 
respondents could be drawn.  The characteristics of population and sample size are 
discussed in the subsequent section. 
 
6.1.1.1Population  
In everyday life, the word population is mostly understood as being connected to 
geographical, political or ethnicity for a collection of people.  For instance, the 
geographical collection of animals, plants or any object is can constitute a population.  
In statistics, the term population refers to a discrete group of units employed for 
analysis.  The term is used in a more restricted sense as the set of measurements of 
some attributes associated with the collection (Dowdy et al., 2004).  For example, a 
population could be the collection of heights of engineers in a country.  In this case, 
the variable of interest is the derived set of heights of engineers in the country.  The 
population varies in size due to the nature of the discrete group of people being 
considered.  If the size of the population is small, it is easy to contact all the people in 
the population.  This is however, not the case in most instances.  In almost all cases, 
the size of the discrete group is so large that it is practically impossible to conduct 
research for the whole group due to insufficient time and resources that are usually 
available for any research.  This therefore calls for sampling the discrete group. 
 
6.1.1.2 Sample 
A sample is a portion of the population and the data obtained from the 
measurements on the sample is the sample data.  The purpose of the sample is to 
get a representation of the population that will enable inferences to be drawn without 
analysing every single member of the population.  In this regard, the sample enables 
the conduct of investigation about the population with considerable efficiency.  For 
the representation to be adequate, the size of the sample as well as the method by 
which the sample is drawn has to meet certain requirements.  In general, the size of 
the sample could vary depending on the size of the population and there are 
statistical methods for determining what the sample size should be to produce the 
limits of validity desired from a study.  For example, if the size of the population is 
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denoted by N and the sample by n, then the n items chosen from N becomes the 
reference for understanding the characteristics of the population. 
 
While several sub-categories of sampling could be defined, in practice it can be 
argued that there are three main methods of sampling in common use within 
construction management research for selecting n.  These are random sampling, 
systematic sampling and stratified sampling and are briefly discussed below along 
with their advantages and disadvantages. 
 
Random Sampling 
Random sampling in statistics refers to the adoption of a random approach to 
selecting the membership of the sample.  Each member in the population is deemed 
as having the same chance of being included in the sample.  Bryman and Cramer 
(2009) the reliance on a random sample is the most common basis for composing 
the sample for a study, although in very many cases the conditions of randomness is 
not adequately achieved.  However, where such randomness is achieved, this 
sampling option eliminates the possibility of bias in the selection procedure and the 
sample generated gives a true representative of the population. 
 
Although the use of the random sampling has the above advantage of being 
unbiased, the attainment of randomness for the investigation on hand is not essential 
for establish the causation implied in the research.  In particular, respondent 
availability for the exercises made is quite inappropriate to rely solely on a random 
approach for composing the membership of the study sample. 
 
Systematic Sampling 
This technique of selecting the membership for samples is similar to simple random 
sampling.  In systematic sampling however, the random selection is done 
systematically from a sampling frame.  For example, if items are to be selected from 
a group of 200 items and the selection was based on every sixth item, then if the 
start is one, then the next selected item will be the item at sixth position and the next 
will be at twelve position, and so on, thus, ensuring a systematic selection.  The 
technique potential has the disadvantage of selecting members to be included in the 
sample that do not represent the population due to the inherent ordering made by the 
frame of sampling.  In using this technique for the selection of a sample, the care has 
to be exercised to ensure that no inherent ordering of the sample frame exists 
otherwise the sample will not be a true representative of the population. 
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This technique was adopted for the research and was combined with stratified 
sampling.  The risk of inherent ordering was eliminated by selecting respondents with 
the systematic criterion of years of experience. 
 
Stratified Sampling 
In stratified sampling, the population is divided into strata or groups.  The sampling is 
then done on the strata or group by using simple random or systematic sampling 
technique.  This technique of sampling can be applied in other areas beyond simple 
academic research.  For example, in the field explorations that use the stratified 
concept for sampling, there is an improvement in reliability of the outcomes from the 
investigations (Dowdy et al., 2004).  Bryman and Cramer (2009) agreed with this 
view put forward by Dowdy et al. (2004) on reliability of the stratified sampling 
technique and argued that stratified sampling gives extra precision to that of random 
and systematic sampling methods.  Dowdy et al. (2004), Bryman and Cramer (2009) 
and Christensen (1996) went on to suggest that the make-up of strata should be in 
the same proportion as the proportion in the population. 
 
In this research, stratified sampling technique was used in sampling data.  The 
estimators in the population of estimators were divided into two groups and samples 
obtained from these groups through systematic sampling technique that was outlined 
in the previous subsection. 
 
Sampling Problems 
The size of a sample is most often the issue that draws a lot of attention when 
conducting investigations.  This is because in general, the bigger the size of the 
sample for the same population, the higher the accuracy of the inferences that are 
drawn about the population from the sample characteristics.  However, a limitation on 
the increase in the size of the sample has to do with the time and resources available 
for the research work, and raises the question about the economic size to adopt for 
the study.  Equally, it is common to find differences in the characteristics between the 
sample and the population from which the sample is derived.  The difference, 
commonly referred to as the sampling error, reduces as the sample size increases.  
The increase in the level of efficiency with which the sample characterises the 
population stagnates as the sample size increases beyond the economically 
accepted level (Bryman and Cramer, 2009). 
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Another problem that tends to plague the use of questionnaire instrument for eliciting 
data is the potential for low return or response rate.  In many instances the difficulty 
that low response rate presents is external validity for the study.  It is important for 
the error that could arise from such response rate is addressed by devising 
appropriate techniques to mitigate any low rates of response.  For example, if it is 
commonly accepted in construction management research that a 30% response rate 
has to be achieved for any questionnaire survey.  The expected response rate has to 
be taken into consideration in deciding the number of the questionnaire to administer.  
Assume for instance that the study requires a sample size (n) of 60 and experience 
from past studies show that 30% of questionnaire sent out are not returned giving it a 
response rate (r) of 70%, then the total number to be administered should be x, 
whereby x is defined as 60 ÷ (100 – 30) or n ÷ r.  In other words the sample size 
divided by the expected response rate should be adopted.  The lesser the response 
rate, the larger the number to be administered.  This implies the researcher has to 
send out 86 questionnaires in order to have the desired sample size.  The 
subsequent section presents how the response rate was for the questionnaire sent 
out to estimators in the second group, which was the baseline group of the 
investigation. 
 
For the purpose of the research, estimators working in the roads subsector within 
Ghana constituted the population for the study.  It is practically impossible to study all 
estimators due to time and the resources available for the research.  Thus, the data 
on all estimators were sampled for ease of the research.  Two samples were formed 
with the first representing an observed group and the second a control or baseline 
group.  Based on the information available from the public sector, the sample size for 
the observed group was 61 and that of the baseline group was 35 in the research.  
The size of the sample in the research agreed with Mbugua et al. (2000) who 
suggested that a minimum of 30 respondents is adequate for a sample size in any 
research work in the construction industry.  This is because a sample size of 30 
satisfies the minimum sample size for the use of parametric analysis for conducting 
the investigation. 
 
6.1.2 Types of Variable 
Statistical test always presume certain kinds and types of variables.  It is therefore 
important to understand and recognise the different types of data in determining the 
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type of test to be performed in any statistical analysis.  Ability to recognise the 
different forms of variables is one of the most important features in statistical 
operations (Bryman and Cramer, 2009).  For the purpose of the study, the distinction 
developed by Steven (1946) has been used.  Steven (1946) distinguished between 
the different forms of variables as comprising nominal, ordinal and inter/ratio scales.  
These are discussed below.  
 
6.1.2.1 Nominal Variable 
Nominal variables are suitable for simple and qualitative classification.  It facilitates 
measurement only in terms of whether the individual members in a sample belong to 
some distinctively different categories.  Nominal variables do not lend themselves to 
quantification or ranking order those categories employed for classification of the 
members in a sample.  For example, two individuals may differ in terms of variable A 
(where variable A represents eye colour).  It is impossible to say which one "has 
more" of the quality represented by the variable.  Typical examples of nominal 
variables are gender, race, or colour.  The use of this type of variable involves 
assigning respondents to a particular category.  The variable cannot be rank ordered 
and so no value comparison can be performed between respondents. 
 
The study is aimed at identifying the influence of individual estimator‟s attitude on 
reliability of project estimates and entails comparing the various individual estimators.  
The study requires variables that can be rank ordered to represent the extent of 
reliability.  It also relies on personality classification which reflects nominal 
classification. 
6.1.2.2 Ordinal Variable 
Ordinal variables allow rank ordering of the members making up a sample in terms of 
which has less and which has more of the quality represented by the variable, but still 
not by "how much more".  A typical example of an ordinal variable is the 
socioeconomic status of construction staff.  For example, we know that upper-middle 
is higher than middle but we cannot say that it is, for example, 18% higher.  Also, this 
very distinction between nominal, ordinal, and interval scales itself represents a good 
example of an ordinal variable. For example, we can say that nominal measurement 
provides less information than ordinal measurement, but we cannot say by "how 
much less" or how this difference compares to the difference between ordinal and 
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interval scales.  The fact that ordinal variables can be rank ordered facilitates the 
comparison of responses on a particular subject matter of the research.  It is also 
noteworthy that although ordinal variables lend themselves to ranking, there are 
other types of information that could not be deduced from this type of variable.  For 
example, when respondents are categorised by skill level, a scale could be 
constructed for the various skills such as highly skilled, fairly skilled and moderately 
skilled.  Such a scale would reflect ordinal characteristics.  However, the level of 
difference between a respondent categorised as fairly skilled and highly skilled 
cannot be said to be the same.  In this type of variable, it can only be deduced that 
the highly skilled person is higher on the scale than the moderately skilled person.  
The level of difference in skill could not be deduced simply from this variable.  
Therefore, highly skilled person cannot be said to have twice or three times as much 
skill as the respondent with moderately skilled person.  
 
The study involved different comparison of individual estimators in the categories 
described in the personality instrument designed for the study.  The research 
instrument for personality testing was scaled for each of the traits namely, Openness, 
Conscientiousness, Extroversion, Agreeableness, and Neuroticism traits.   
 
6.1.2.3 Interval and Ratio Variables 
The interval and ratio variables have a lot of arithmetic qualities.  The arithmetic 
attribute makes the interval and ratio variables widely useable and allows for wider 
statistical testing and analytical procedures for these types of variables (Bryman and 
Cramer, 2009).  The technique used by most statistical test presumes that the 
variable is has interval characteristics and explains why most the typical statistical 
procedures, such as correlation and regression analysis, are applied to interval and 
ratio variables. 
 
Interval variables do not only allow rank ordering the sample, but also to quantify and 
compare the sizes of differences between members making up the sample.  For 
example, temperature, as measured in degrees Fahrenheit or Celsius, constitutes an 
interval scale. It can be said that a temperature of 40 degrees is higher than a 
temperature of 30 degrees, and that an increase from 20 to 40 degrees is twice as 
much as an increase from 30 to 40 degrees. 
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Ratio variables are very similar to interval variables but in addition to all the 
properties of interval variables, they feature an identifiable absolute zero point, thus, 
allow for statements such as ni is two times more than n2.  Typical examples of ratio 
scales are measures of time or space.  For example, as the Kelvin temperature scale 
is a ratio scale, not only can we say that a temperature of 200 degrees is higher than 
one of 100 degrees, we can correctly state that it is twice as high.  Interval scales do 
not have the ratio property.  Most statistical data analysis procedures do not 
distinguish between the interval and ratio properties of the measurement scales.  
Figure 6.1 shows factors to be considered in deciding the nature of variable to adopt 
for any investigation that relies on quantification. 
 
 
Figure 6.1: Deciding the Nature of Variable (Source: Byrman and Cramer, 2009) 
 
 
6.2 ONE-WAY ANALYSIS OF VARIANCE 
Analysis of variance is used in testing the hypothesis about differences between two 
or more variables.  There are a number of terminologies, which have to be 
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understood before the application of ANOVA to any collected data.  The subsequent 
sections explained some of the terminologies and how each relates to the analysis of 
variance technique.  Analysis of Variance involves comparing several random 
samples drawn from a population.  Samples are obtained from observing 
experimental units with different treatment applied to them (Christensen, 1996).  The 
experiments are performed by investigators in all fields for the purpose of discovering 
something about a particular system or process. 
 
Assumptions are usually made on samples for informed decisions to be deduced on 
them.  In one-way analysis of variance it is assumed that the sample sizes are all 
independent of each other and the population is normally distributed with the same 
variance (Christensen, 1996).  
 
6.2.1 Theory on Hypothesis Testing 
The hypothesis testing involves the procedure for checking the validity of a statement 
or claim.  The statement or claim made is known as the null hypothesis.  The testing, 
therefore, is to ascertain the validity of the null hypothesis.  The null hypothesis is a 
statement or claim made about a population parameter and can be tested if the 
relevant data is available.  It should be noted that the inconsistency of the data to a 
null hypothesis might suggest that the hypothesis is false.  Data which is consistent 
with the null hypothesis does not necessary establish that the null hypothesis is true 
and should be accepted.  This is due to the fact that other factors could also have 
generated the data. 
 
6.2.1.1 One Way ANOVA: Hypothesis Testing  
Three hypotheses that address qualification of the estimator, experience of the 
estimator, and personality of the estimator were tested in the study.  Each is briefly 
discussed below. 
 
QUALIFICATION 
The Null Hypothesis tested was “there is no systematic difference in reliability across 
various qualification variables”: H0 : Mx = My =Mz where  H0 is the Null Hypothesis.  
The Alternate Hypothesis was “there is systematic difference in reliability across 
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various qualification variables”: H1: Mx≠ My; Mx≠ Mz; My≠ Mz where H1 is the 
Alternate Hypothesis 
 
Mx, My, Mz are means of variables X, Y and Z respectively.  X = HND or equivalent, 
Y = BSc. or equivalent and Z = MSc. or equivalent qualifications.  
 
EXPERIENCE 
The Null Hypothesis tested was “there is no systematic difference in reliability across 
various experience variables”:  H0 : Ma = Mb =Mc = Md where  H0 is the Null 
Hypothesis.  The Alternate Hypothesis was “there is systematic difference in 
reliability across various experience variables”:  H1: Ma≠ Mb; Ma≠ Mc; Ma≠ Md; Mb≠ 
Mc; Mb≠ Md; Mc≠ Md where H1 is the Alternate Hypothesis. 
 
Ma, Mb, Mc and Md are means of variables A, B, C and D respectively.  A=0-2 years; 
B=3-4 years; C=5-6 years and D=7-10 years of experience. 
 
PERSONALITY ARCHETYPE 
The Null Hypothesis tested was “there is no systematic difference in reliability across 
various traits variables”: H0 : Me = Mc =Mo = Ma = Mn where H0 is Null Hypothesis.  
The Alternate Hypothesis was “there is systematic difference in reliability across 
various traits variables”:  H1: Me≠ Mc; Me≠ Mo; Me≠ Ma; Me≠ Mn; Mc≠ Mo; Mc≠ Ma; 
Mc≠ Mn; Mo≠ Ma; Mo≠ Mn; Ma≠ Mn where H1 is the Alternate Hypothesis. 
 
Me, Mc, Mo. Ma, Mn are means of variables Extraversion, Conscientiousness, 
Openness, Agreeableness and Neuroticism respectively. 
 
The level of significance (α) used is each of these hypotheses tests was 5%, at 
single tailed. 
 
6.2.3 Analysis of Variance Models 
This section presents the underling analysis of variance model and the 
corresponding assumptions.  Two main types of models namely fixed and random 
effects are covered in this section. 
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6.2.3.1 Fixed Effects Model (FEM) 
In fixed-effects model (FEM), the experimenter narrows down the possible treatments 
to several in which he has special interest.  This is done at the later stages of the 
experimentation.  Dowdy et al. (2004) explained the fixed-effects model with an 
experiment using six chemicals.  In applying the fixed-effects model, the six 
chemicals would have been tested for melting, economical feasibility and availability.  
The problem then is which of the six chemicals could best withstand the effects of 
corrosion.  The final choice in this case was made on the basis of corrosiveness.  In 
fixed-effects model, the experimenter repeats the same treatment while keeping all 
other effects constant.  The attribute of the model to use the same treatment in 
repetitive experiment is the basis of its name fixed-effects model. 
 
6.2.3.2 Random Effect Model 
This model is also known as the component of variance model.  This differs from the 
fixed-effects model in the area of the treatment such as repetitive experiments for 
example.  In random-effects model, it is assumed that the treatments are from a 
random sample for all of the treatments that are being tested.  For example, in an 
experiment to ascertain the effectiveness of ten mathematics lecturers in teaching 
their students, the lecturer is the treatment group and the scores of their students is 
the variable of interest.  Random-effects model will show if there exist significant 
variability among all the treatment groups. 
 
6.2.4 Assumptions for ANOVA 
The ANOVA procedure is reliable only if certain assumptions are met.  Thus, the 
more the experiment deviates from the assumptions the less reliable the deductions 
from the experiments would be.   
 
In ANOVA, it is generally assumed that the treatment groups are normally distributed 
with same variance, and the experimental units are selected at random and assigned 
at random to the treatment group.  Each of these assumptions is discussed. 
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6.2.4.1 Normality 
The skewness and bimodality from a histogram is used to determine normality of the 
treatment group.  Normality is also tested when the cumulative percentages are 
plotted.  Normality of the data results in a straight line when data is plotted.  The 
limitations to these two tests were that they only applied to large number of 
observations.  For small sample sizes, the treatment group must be symmetric and 
unimodal in order to satisfy normality conditions.  Sometimes however, ANOVA leads 
to valid deductions where in some cases the observations depart from normality.  In 
general, the conditions for normality in large observations should be established if 
there are doubts about normality.  
 
6.2.4.2 Equality of Variance 
One important assumption in ANOVA is that all the treatment groups have the same 
variance.  Hartley (1950) developed the Fmax test for testing homogeneity of variance.  
The use of the test developed by Hartley (1950) was dependent on the assumption 
that all the treatment groups are the same size and comparison of the largest sample 
variance with the smallest sample variance. 
 
 Fmax   = largest treatment variance /smallest treatment variance  Eq. 6.1 
 
The result from the formula is compared with the table computed by Hartley (1950) 
and deduction made as to the null hypothesis of the homogeneity of variance. 
 
6.2.5 Transformations 
In most cases, investigators are confronted with the situation in which the variances 
are not homogeneous and lack normality.  The issue then arises as to how analysis 
of variance could be performed on the treatment groups.  This is due to the fact that 
lack of homogeneity and normality do not satisfy the assumptions that underpinned 
the use of ANOVA in data analysis.  Transformation is the process of converting data 
into a form which ANOVA can accept the and lead to valid testing.  When data is 
transformed each observed value is replaced with another in accordance to the form 
of transformation.  However, care must be taken not to change the order of the 
observed data with that of the transformed data.  The validity of the conclusions from 
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the transformed data is dependent on the consistency of the transformed data with 
the observed data throughout the analyses. 
 
There are various forms of transformation.  The choice is dependent on the nature of 
the data.  ANOVA was designed for continuous data and hence it is not suitable for 
discrete data.  The problem is how to select the form of transformation that best fits 
the observed data.  This problem was addressed by Dowdy et al. (2004), who 
indicated that the nature of the data together with a plot of sample averages against 
sample variance will assist the investigator in deciding the form of transformation that 
best fits the data. 
 
Some of the forms of transformation were: 
 The Log Transformation 
 Exponential Transformation 
 Square Root Transformation among others. 
 
The validity of ANOVA is dependent on the data meeting the assumptions such as 
normality, homogeneity and independent nature of the data is present.  In this 
research data was tested for normality using frequency statistics.  The results 
indicated that the distribution approximates to normality and thus data in the research 
was not transformed for the analysis. 
 
 
6.3 SUMMARY 
In this chapter different forms of data elicitation were discussed.  The chapter also 
discussed different methods of sampling from the population as random, systematic 
and stratified sampling.  The advantages and disadvantages of each method were 
discussed.  The chapter justified why the data for the research was sampled using 
stratified sampling technique followed by systematic sampling. 
 
Different types of variables were also discussed together with their characteristics.  
The interval variable was adopted for the study. The chapter revealed that the 
sample size is dependent on number of factors.  The chapter mentioned these 
factors as the resources available, the time within which the findings were needed 
and the purpose of the study.   
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The chapter also addressed the three hypotheses tested for the research as 
influence of qualification, experience and personality archetypes on reliability of 
project estimates.  The technique of analysis of variance (ANOVA) was used in the 
statistical analysis of the data.  The chapter revealed that transformation is performed 
on data that do not conform to the assumptions for ANOVA.  The chapter concluded 
that data for the research conformed to normality.  The next section discussed the 
procedures used in data gathering, its management and analysis.  
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CHAPTER .7 
 
DATA ELICITATION AND ANALYSES 
 
7.0 OVERVIEW 
In this chapter, the parameters that were considered in the gathering of the data are 
discussed.  The conditions under which the data were gathered and the type of data 
gathered for the study are also discussed.  Data were obtained from the road sector 
of Ghana.  The spread of the Ministry and its Agencies responsible for road 
infrastructure in Ghana and their relevance to the characteristics of the data gathered 
are discussed in this chapter.  The chapter also discusses the geographical and 
political administrative regions of Ghana and its relevance to the accuracy of the data 
for the study.  The chapter presents the design of the instrument of collection data for 
the research.  Questionnaire was used in the data elicitation.  The chapter presents 
the factors that were considered in the design of the questionnaire and the mitigation 
measures that were used to address risks that impact negatively on the method of 
data elicitation. 
 
Workshops were organised for the data elicitation.  The chapter discusses the 
procedures adopted at each workshop for the realisation of reliable response from 
the participants.  The methods used in the management of data for the study were 
discussed in the chapter.  The chapter discusses the personality instrument that was 
designed for personality archetype test and the statistical techniques used for the 
statistical analyses. 
 
 
7.1 DATA GATHERING 
The reliability of research work or for that matter any investigation is dependent on 
the accuracy of the data gathered.  Researchers and investigators therefore attached 
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outmost importance to data gathering.  In this study, data were collected through 
questionnaire and written documents.  The subsequent sections discussed the 
procedures adopted in the gathering of data for the study. 
 
7.1.1 Focus Group 
The target group for this research was identified in line with the objective of the 
research.  The main problem identified is unreliability in project estimate and how the 
estimator‟s attitude influences the desired reliability of project estimate.  The literature 
review has identified many factors as the causes of unreliability in project estimates 
in terms of the physical aspect of the project.  The influence of attitude of each 
individual estimator on the project cost reliability will vary from individual estimator to 
individual estimator due to the uniqueness of each person‟s personality traits.  The 
theories of Allport (1937), Cattell (1965) and Eysenck (1961) among others on 
personality traits was employed as the basis for the selection of estimators to be 
included in the focus group for the study.  The question that is implied in the study on 
personality is the characteristics of the role the estimator plays and the trait attributes 
that contribute positively to that role.  This question is reflected in “who the estimator 
is in the construction delivery process” and is addressed in Chapter 2. 
 
7.1.2 Source of Data 
The data employed for the study was obtained from estimators within the Ministry of 
Roads and Highways, the Agencies under the Ministry and other road estimators in 
Ghana.  The Ministry of Roads and Highways has its offices located in Accra, the 
capital city of Ghana.  The Agencies of the Ministry namely Ghana Highway 
Authority, Department of Urban Roads and Department of Feeder Roads have their 
head offices in the capital city and regional offices in all the ten geographical regions 
of Ghana.  The three Agencies and the Ministry work in concert with each other for 
setting performance standards and practices in the roads sector.  Together, they 
would exploit the results from the investigation involved in this research study. 
 
The road sector alone accounts for nine percent (9%) of GDP for Ghana (NTPG, 
2005).  So any improvements instigated by the results of this study could potentially 
have a significant impact on the sector and the whole national economy of Ghana. 
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Estimating procedures are the same in other sectors of the Ghanaian economy as 
explained in the previous chapters.  Therefore, any improvements that are 
established because of this study could equally benefit the other areas of 
construction in the country and further afield.  In addition, the results drawn from the 
data on the road sector estimators could be applied to other (non-construction) public 
and private sectors of the economy and for that matter in other parts of the world.  
Therefore, the reliability of the estimate produce from the estimators in the road 
sector could potentially have a significant impact of the success of road development 
programmes and beyond. 
 
7.1.3 Selection of Estimators  
Estimators who were the respondents for the study were selected from the road 
sector of Ghana.  Sampling for the study was through stratified sampling approach 
and involved establishing two categories or strata of estimators.  The first strata of 
estimators were those estimators with less than ten years experience in the field of 
estimating.  This stratum was sample A or the main study sample.  The second 
stratum was made up of those estimators with ten or more years of experience in the 
field of estimating.  This stratum was sample B or control group.  Estimators 
categorised into sample B were considered to have an appreciable level of practice 
and therefore, sufficient reliability in estimating.  That assumption is based on the 
notion that technical experience is assumed to commensurate with the number of 
years in the field of operation.  The estimators were thereafter selected for each 
sample using a systematic sampling technique.  Samples A and B are discussed in 
the subsequent section. 
 
7.1.3.1 Sample A Estimators (Main Study Group) 
The selection this group of estimators was done to reflect the geographical spread of 
Ghana.  The Heads of the three Agencies under the Ministry namely, Ghana 
Highway Authority, Department of Urban Roads and Department of Feeder Roads 
were contacted to nominate officers for this category.  This was done to ensure that 
the researcher had no influence on the selection process, and that the selection is 
consistent with a value judgement on the qualification of estimators not set by the 
investigator.  Each of the Agency heads nominated officers across all the ten 
geographical regions of Ghana.  Each region is unique in its topography and 
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vegetation.  In Ghana, a person could be identified with its region based on the 
behaviour of that particular person.  The resultant sample therefore, accounts for the 
different location contexts that could characterise estimator influences.  In that sense 
the sample was a true representation of the population of estimators in Ghana.  A 
sample size of sixty-one was obtained for this group. 
 
7.1.3.2 Sample B Estimators (Control) 
This group of estimators were employed as the base line for the study.  In general, 
senior executives in the public sector are expected to have accumulated 
approximately ten years and that criterion was taken as the basis for allocating 
estimators into this category.  All the estimators selected for this group had 
experience of ten or more years of both specific and generic estimating experience in 
the roads sector.  The level of experience they would have gained over the years will 
range from managing different classes of road projects as well as projects that are 
categorised from small to very large.  Their experience in delivering a variety of 
schemes would have given them awareness of the extent to which their estimating 
assumptions matches project outturn costs.  The argument is that, such awareness is 
supposed to moderate the nature, type and scale of assumptions exercised by these 
experienced estimators.  That argument is implicit in the established principle of an 
estimator gaining experience as they progress through their career.  The control 
sample formed the base line for the study. 
 
Sample size B was derived from estimators who had accumulated ten years or more 
experience in estimating practice as the first hard gate.  Care was taken not to 
include estimators with ten or more years of experience whose technical and 
functional experience did not match the level of senior executives in estimating.  The 
estimators in this sample were primarily drawn from the three Agencies under the 
Ministry of Roads and Highways.  In addition, other estimators from the private and 
public sectors of the wider construction industry in all the ten regions were included in 
this group to limit the effect of „local action‟ in estimating.   
 
The method of sampling for this stratum of estimators was systematic sampling.  This 
was done by sending out a preliminary questionnaire to many estimators that 
satisfied the characteristics of the baseline group.  A sample size of thirty-five was 
obtained for sample B. 
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7.1.4 Organisation of Workshop 
The actual data collection was achieved in workshops organised for the estimators in 
sample A.  Two workshops were held at two different locations.  For the purpose of 
the study, the ten regions were grouped into two zones namely the southern and 
northern zones.  For uniformity, each zone comprised five geographical regions.  The 
geographical regions that comprised the southern zone were Greater Accra, Central, 
Eastern, Western, and Volta, whilst the Northern, Upper East, Upper West, Brong 
Ahafo, and Ashanti regions comprised the northern zone.  The estimating procedures 
and the functions of the estimators in the regions forming each zone are supposed to 
be the same since they work to the same standards.  This means any variation in the 
way they estimate would be a reflection of their personal attributes and not due to 
their regional context. 
 
The northern zone predominantly lies in the savannah belt of the country.  Living 
standards in this zone are in general lower than that of the southern zone.  The 
availability of labour and the corresponding cost is also lower in this zone compared 
to the southern zone.  The cost data that estimators have to deal with for local works 
in this environment will differ from that of the southern zone.  The organisation of 
each workshop is discussed in the subsequent sections. 
 
7.1.4.1 Southern Zone Workshop 
The workshop for the southern zone was organised in Accra.  Several factors that 
could adversely affect the outcome of the workshop were given due attention.  These 
risks and the mitigation measures are discussed in the below. 
 
Risk Identification and Mitigation 
The southern zone workshop was organised in the conference room of the Ghana 
Institute of Engineers.  This conference room was located at a fair distance from the 
work place of the participants.  This was done to mitigate the risk of participants 
leaving to attend to other office duties.  It was a day‟s workshop that started at 8.00 
am and ended at 5.30pm, to provide adequate time for the workshop and to ensure 
that participants would not be hurried in answering the questions.  Food and drinks 
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were provided to create a relaxing atmosphere for the participants and to ensure that 
the they did not have to spend some of the time unproductively.  There were one 
hour lunch break and twenty minutes break each in the morning and the afternoon 
sections to ensure that participants were not over-burdened with the demands of the 
workshop.  The breaks were introduced to ensure that the risk of fatigue was 
mitigated for the participants. 
 
The investigator provided an introductory presentation to inform participants of the 
purpose of the workshop prior to the commencement of the answering section.  The 
risk of participants‟ responses not being the true reflection of the participants and the 
risk of confidentiality of information were identified.  The measures to address these 
risks were discussed in the introductory presentation.  Participants were assured that 
the their responses will be treated confidentially and that the responses will not be 
used for any official decisions that would compromise their careers.  The fear of 
providing wrong answers, and thus, replicating the responses of other participants 
believed to be brilliant was also identified and mitigated by emphasizing that there 
was no right or wrong answers to both the questionnaire and the project cost 
estimate that participants were required to prepare.  These assurances achieved the 
desired objective of placing the participants in a comfortable and relaxed position at 
the workshop for the two activities namely, responses to the questionnaires and the 
preparation of the project cost estimate. 
 
Any inhibitions on the part of the participants was addressed with an ice-breaking 
session prior to start of the workshop.  The risk of working under pressure was one 
important factor that was also identified by the investigator.  The researcher ensured 
that the workshop did not include the superior officers of participants and adequate 
time was allowed for each of the activities of the workshop. 
 
Another risk identified by the researcher that could have impacted negatively on the 
data elicited if not addressed was sitting arrangement.  Participants from the same 
organisation naturally prefer sitting together at events such as this workshop.  This 
could however, result in discussions among the participants from the same 
organisation thus affecting their opinion on the various questions to be addressed.   
 
The researcher foresaw this risk in advance and therefore prepared adequate 
mitigation measures for it.  The mitigation action was achieved by providing all 
participants with name tags one of which was given to the participants to wear, and 
 199 
the other was placed at the sitting position of the participant in the conference room 
prior to their arrival to mitigate their discussions of the responses due to familiarity. 
 
The conditions in the conference room and that of the workshop environment were of 
utmost importance.  This was due to the fact that serene working environment 
enhances individuals‟ job performance.  The researcher provided all necessary 
materials needed by the participants for the two activities at the workshop. 
 
Responses to Questionnaire 
The first part of the workshop was devoted to the elicitation of responses to the 
personality questionnaire designed for the study.  This activity took place in the 
morning session of the workshop.  In all, thirty-one participants attended the southern 
sector workshop.  All the thirty-one participants answered the questionnaire fully for 
the study.  Each participant answered the questionnaire independently.  The 
researcher was present throughout the workshop to ensure that the outcome of the 
workshop was devoid of the risks identified in the study.  The researcher allowed 
adequate time for the questionnaire to be filled properly. 
 
Appendix A shows a sample of the letter to the participants on the questionnaire for 
the workshop.  The responses to the questionnaire for selected participants are 
presented in Appendix B.  The next stage of the workshop addressed the 
experimental exercise in the preparation of cost estimate for a project. 
 
Preparation of Cost Estimate 
This activity took place in the afternoon session of the workshop.  The proposed 
project designed for the estimating exercise was the construction of a speed ramp 
over a highway.  All the parameters of the speed ramp and the relevant drawings 
were given to the participants.  For uniformity, some cost parameters were also given 
to the participants.  The only cost item not given was the assumptions that each 
individual participant had to make in order to complete the estimating process.  
These assumptions differ from participant to participant.  The participants were then 
requested to prepare the cost estimate of the proposed project.  The researcher was 
present throughout the estimating process and allowed adequate time for participants 
to complete the estimating process.  All the thirty-one participants participated in the 
exercise.  All the risks previously identified and the mitigation measures adopted 
were the same for the two sessions of the workshop.  The results obtained from the 
estimating process by participants are presented in Appendix E. 
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7.1.4.2 Northern Sector Workshop 
The organisation of the northern sector workshop was similar to that of the southern 
sector.  This workshop was held at Kumasi in the conference room of a four star 
hotel.  Participants for this workshop were also drawn from the road sector Agencies 
namely Ghana Highway Authority, Department of Urban Roads and Department of 
Feeder Roads from the northern sector.  As explained in the southern sector 
workshop, the geographical regions that comprised the northern sector for the study 
were Northern, Upper East, Upper West, Brong Ahafo, and Ashanti regions. 
 
For the northern sector workshop, similar risks were identified as the southern sector.  
Subsequently, the mitigation measures against the identified risks for the southern 
sector were applied to the northern sector.  The responses to the questionnaires and 
the estimating process were done in the same conditions as in the southern sector 
workshop.  For uniformity, the same design and cost parameters that were given to 
participants at the southern sector workshop were also given to participants at the 
northern sector workshop.  Participants were requested to make all necessary 
assumptions to estimate the cost of the proposed project.  Thus, the assumptions 
became the subjective element that made the difference from estimator to estimator 
in accordance to the personality theories.  Therefore, as it was in the southern sector 
workshop, the only variable cost element was the cost attributed by each participant 
to the assumptions that they make in the estimating process.  In all thirty participants 
attended the northern sector workshop.  The results from the northern sector 
workshop for the responses of the questionnaire are presented in Appendix B whiles 
that of the cost estimates is presented in Appendix E. 
7.1.5 Demographic of Data collected 
The demographic of the data collected from the two workshops are presented for 
sample A.  Similarly that for the data collected from the questionnaire received from 
the experienced estimators have been presented for sample B.  Each is discussed in 
detail in the subsequent section. 
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7.1.5.1 Demographic of Sample A Data 
The demographics of Sample size A are indicated in Figure 7.1.  This has been 
categorised into grade, qualification, number of cost estimates prepared per year and 
years of experience in estimating. 
 
  
  
 
Figure 7.1: Demographics of Sample size A 
 
The accuracy of the sample size as the true representative of the population of 
estimators in Ghana is exhibited as follows. 
 
 all the ten geographical regions have been represented; 
 the different Agencies under the Ministry of Roads and Highways were all 
represented thus eliminating the risk of biased towards the practices of one 
particular organisation; 
 estimators that represented northern zone were different from those that 
represented the southern zone; 
 the researcher was the same person that administered the workshop in the 
two (2) zones; and  
 the workshops were held in free and conducive environment devoid of duress 
from superiors. 
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These factors accounted for the true representative of the sample size used in the 
investigation.  The data collected was therefore devoid of the researchers influence. 
 
7.1.5.2 Demographic of Sample B 
The demographics of Sample size B are shown in Figure 7.2.  As in sample A this 
has been categorised into grade, qualification and number of cost estimates 
prepared per year.  In this sample, all participants gained ten or more years of 
experience.  Therefore demographics of experience were not provided for sample B.  
Figure 7.2 shows the demographic of sample size B. 
 
 
 
 
 
Figure 7.2: Demographics of Sample Size B 
 
The characteristics of sample B as the true representative of the population of 
experienced estimators in Ghana is exhibited as follows. 
 
 All the ten geographical regions were represented. 
 The public and private sector estimators in all the ten regions were 
represented. 
 The researcher was the same person that administered the questionnaires.  
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These factors accounted for the true representative of the sample B used in the 
investigation.  Again, in this sample, the researcher had no influence over the data 
collected.  The significance of the distribution of the data collected is discussed in the 
subsequent sections. 
 
 
7.2 DATA MANAGEMENT 
In a study of this kind, the management of data elicited forms a valuable asset to the 
investigator.  For this reason, data collected on samples A and B for the study were 
stored in both “hard” and “soft” copies.  The “hard” copies were kept in the library of 
the researcher whiles the soft copies were kept on both the computer of the 
researcher and on other computer accessories to ensure security for the stored 
information. 
 
Data for the research was analysed with two techniques.  These were the personality 
instrument developed for the testing personality archetypes and Statistical Package 
for Social Sciences (SPSS) for statistical analysis on the data collected.  The 
personality instrument for the study was used to analyse responses to the 
questionnaire and the SPSS for the combined analysis.  The researcher therefore 
organised the data obtained for the study in a form suitable for the application of 
SPSS.  Detailed analyses of the data obtained for the research work is discussed in 
the subsequent section. 
 
 
7.3 ANALYSIS 
The data collected for the research were analysed in two main categories.  The first 
was a classification of the estimators based on their personality archetypes and 
secondly was statistical analysis to determine the relationships between 
qualifications, experience and personality types with reliable project estimates.  The 
techniques used in these analyses are discussed in the subsequent sections. 
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7.3.1 Personality Type 
The personality instrument developed for the study was used in classification of 
estimators into their personality archetypes.  The data collected from the 
questionnaire were in two categories namely sample A and sample B.  The 
characteristics of each sample were explained in the previous sections of this 
chapter.  Sample A was the observed group and sample B was the control group.  
Subsequently, the test was performed on the control and observed groups 
separately.  In both groups, a scale as shown in Figure 7.3 was used for the test.  
The five traits in the personality instrument for the study namely, Extraversion, 
Conscientiousness, Agreeableness, Openness and Neuroticism were used in 
designing the scale.  The meanings of these traits were discussed in the previous 
chapters.  The scale was design taking the opposite of each trait into consideration.  
Figure 7.3 shows the scale on each of the five traits.  
 
 
Extraversion  
-5 -4 -3 -2 -1 0 1 2 3 4 5 
High Introversion Low Introversion Neutral Low Extraversion High Extraversion 
Neuroticism 
-5 -4 -3 -2 -1 0 1 2 3 4 5 
Low Anxiety Neutral High Anxiety 
Openness 
-5 -4 -3 -2 -1 0 1 2 3 4 5 
Pragmatism Neutral Openness 
Agreeableness  
-5 -4 -3 -2 -1 0 1 2 3 4 5 
Independence Neutral Agreeableness 
Conscientiousness 
-5 -4 -3 -2 -1 0 1 2 3 4 5 
Low Self-Control Neutral High Self-Control 
Figure 7.3: Scale for the Research Personality Instrument 
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7.3.1.1 Profiling Observed and Control Groups 
The data in Appendices B and C on the responses of the observed and control 
groups respectively were extracted into the personality instrument for the research.  
The scale in Figure 7.3 was used to extract the data from the responses on the 
questionnaires of the control group and the observed group.  Table 7.1 shows the 
extracted data for the control group and Table 7.2 shows the extracted data for the 
observed group.  The behaviour of each of the traits with respect to its opposite was 
analysed.  The subsequent sections compared the behaviour of the traits of the 
estimators in each group.  Scatter diagram was used to define the behaviour of the 
data in Tables 7.1 and 7.2.  The behaviour of each trait is shown and discussed in 
the subsequent sections. 
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Table 7.1: Extracted Data from Questionnaire for Control Group 
 
 
 
 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Extraversion 3.00 3.00 1.50 1.75 1.00 0.75 2.50 0.25 1.00 1.25 2.75 2.75 2.25 5.00 1.25 3.50 2.00 1.00
Low Self Control 2.25 1.00 2.25 1.50 2.75 4.25 2.50 1.25 1.25 1.25 2.25 2.50 2.25 2.25 0.75 2.00 1.75 2.50
High aNxiety 2.50 0.75 0.50 1.25 2.25 2.25 2.50 1.25 1.50 0.25 2.00 2.25 1.25 0.75 0.75 1.25 1.25 0.75
Independent 2.50 1.25 1.25 1.25 1.75 1.75 1.00 1.75 2.00 2.00 2.00 1.25 1.25 1.25 1.25 0.50 1.75 0.75
Openness 3.25 2.75 3.25 1.75 1.75 1.75 2.25 1.50 1.75 1.00 1.25 2.50 1.50 1.00 1.25 2.00 1.25 1.50
Introversion 2.00 1.75 2.00 2.25 2.00 3.25 0.50 4.25 3.00 4.50 2.25 0.00 1.50 3.00 0.75 2.00 1.50 1.25
Agreeable 2.00 4.00 4.75 3.00 4.50 1.75 4.25 3.50 4.25 4.00 4.25 3.25 2.75 5.00 1.75 4.75 3.50 4.25
Low aNxiety 2.75 3.25 4.25 2.75 3.50 2.75 4.00 4.75 3.00 3.75 4.00 3.75 3.00 4.75 2.00 4.00 3.75 2.75
High Self Control 2.75 4.25 4.75 3.50 5.00 4.50 4.25 2.75 4.50 5.00 4.25 4.50 4.50 5.00 3.00 5.00 4.25 5.00
Pragmatism 3.00 2.25 3.75 2.75 3.75 3.00 2.75 2.75 3.75 3.00 2.50 4.00 2.75 3.00 2.50 3.75 2.75 2.50
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
Extraversion 2.00 2.50 2.75 1.75 1.75 3.25 2.00 1.25 2.00 3.00 2.25 3.00 0.50 1.00 2.25 1.00 2.25
Low Self Control 1.50 1.75 0.75 2.00 1.00 2.25 1.75 1.50 1.25 1.75 1.00 2.25 2.00 2.25 1.75 0.25 1.75
High aNxiety 1.25 1.25 0.75 1.00 1.75 2.50 0.25 0.25 1.75 1.00 0.75 2.50 1.75 0.25 0.50 1.25 2.00
Independent 0.50 0.75 0.25 1.00 3.25 2.00 2.50 0.00 1.25 1.75 1.25 2.50 2.25 1.50 0.50 0.00 2.00
Openness 1.50 1.25 0.75 1.00 2.00 2.00 1.75 0.75 2.25 1.75 2.00 3.25 3.25 2.00 0.25 0.25 3.00
Introversion 3.00 1.00 2.00 1.25 2.25 0.50 3.00 0.00 0.25 1.25 1.00 2.00 2.75 0.50 0.25 1.50 3.75
Agreeable 3.25 3.50 2.50 3.75 4.00 3.75 3.75 2.75 3.50 3.50 3.75 2.00 3.25 4.50 4.25 3.25 3.00
Low aNxiety 3.75 3.75 2.75 3.75 4.00 3.75 3.25 1.75 3.25 3.50 1.50 2.75 3.00 3.75 4.00 3.25 3.25
High Self Control 4.50 3.50 4.75 3.50 3.75 3.75 3.75 3.75 4.50 3.50 3.00 2.75 3.25 4.00 5.00 4.00 3.50
Pragmatism 3.50 4.00 3.00 2.50 2.25 2.25 3.00 2.00 2.75 3.25 2.25 3.00 3.50 3.00 5.00 2.75 3.25
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Table 7.2: Extracted Data from questionnaire for Observed Group  
 
 
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00
Extraversion 1.25 2.00 2.75 2.00 2.75 3.00 2.00 2.50 3.00 3.25 2.00 2.50 2.25 2.00 3.25 4.25 1.75 1.50 2.00 4.25
Low Self Control 2.00 2.50 1.50 2.00 3.00 1.75 1.25 3.75 1.25 1.50 1.25 2.75 2.25 2.50 1.50 1.50 1.25 1.50 1.50 1.25
High aNxiety 1.75 1.75 1.25 0.25 1.00 2.25 1.25 2.75 2.00 0.25 2.00 2.00 2.00 1.00 0.50 2.00 1.25 0.25 1.00 3.00
Independent 1.50 1.50 1.00 0.50 1.00 0.50 0.50 1.00 2.25 0.50 0.50 2.00 2.50 1.25 1.00 1.25 1.00 2.25 1.50 0.25
Openness 2.50 5.00 1.75 1.00 1.00 1.00 1.00 2.50 2.50 0.75 1.75 2.25 1.50 2.75 1.00 0.50 1.00 1.00 1.00 1.75
Introversion 2.50 3.00 2.00 0.50 1.50 0.75 0.75 1.00 0.75 0.50 1.50 3.50 2.25 0.50 1.25 1.00 0.50 2.75 1.75 1.75
Agreeable 2.75 3.00 3.50 3.75 3.75 3.75 4.75 4.50 3.25 2.25 5.00 4.25 2.00 3.75 3.75 4.75 3.50 3.75 2.75 4.00
Low aNxiety 4.00 4.50 2.75 2.75 2.50 3.50 2.50 4.00 2.75 3.75 3.25 4.00 1.75 4.00 3.50 4.00 4.00 4.25 3.50 4.00
High Self Control 4.25 5.00 3.75 3.50 3.75 3.25 4.00 4.50 4.25 4.25 4.00 4.25 3.75 4.25 5.00 3.75 4.50 3.75 3.75 4.00
Pragmatism 3.75 4.25 2.75 3.00 3.50 3.00 2.25 3.50 3.00 3.50 2.50 3.75 3.00 3.25 3.00 3.75 2.25 2.50 3.25 3.00
21.00 22.00 23.00 24.00 25.00 26.00 27.00 28.00 29.00 30.00 31.00 32.00 33.00 34.00 35.00 36.00 37.00 38.00 39.00 40.00
Extraversion 2.00 4.25 3.75 1.75 1.75 2.00 2.25 3.00 4.25 2.25 2.50 2.25 3.00 2.75 2.00 1.75 2.50 3.25 2.25 4.50
Low Self Control 1.00 2.75 2.00 1.50 3.00 0.75 0.50 2.50 4.00 1.25 0.00 1.25 1.25 2.50 1.75 2.50 1.25 1.50 1.50 2.50
High aNxiety 0.75 3.00 1.75 1.75 1.00 0.00 1.00 2.25 2.00 0.50 1.25 1.25 3.25 2.25 0.75 1.00 0.25 1.25 0.50 2.50
Independent 0.50 0.75 0.50 1.00 3.00 1.50 0.00 1.50 1.50 0.25 0.00 0.25 0.75 0.00 0.00 2.00 0.00 1.25 0.00 1.75
Openness 0.75 1.50 0.50 2.00 3.00 1.00 3.00 1.75 1.50 0.75 3.25 1.50 1.25 1.75 0.75 1.75 1.00 1.00 0.75 3.75
Introversion 1.25 0.25 1.75 1.50 1.75 0.25 2.25 0.75 2.75 0.00 0.25 0.50 0.00 1.00 0.50 2.00 0.50 1.75 1.00 2.25
Agreeable 2.00 4.50 4.00 3.75 4.75 3.25 3.50 3.50 4.25 4.75 4.00 2.75 3.25 3.25 5.00 4.00 5.00 2.50 3.75 3.50
Low aNxiety 2.00 3.00 3.50 2.75 4.75 4.25 3.25 3.00 3.75 4.50 2.00 2.50 2.50 3.50 3.00 3.75 3.75 3.50 4.00 1.25
High Self Control 2.25 4.75 4.00 3.50 5.00 4.50 2.75 4.00 4.00 4.75 3.50 4.25 4.00 4.25 4.75 4.25 4.00 4.25 4.00 1.50
Pragmatism 2.25 3.25 3.75 2.25 3.50 3.50 2.50 3.75 3.25 2.75 2.25 4.00 2.75 1.25 2.50 3.00 3.75 2.25 2.50 3.00
41.00 42.00 43.00 44.00 45.00 46.00 47.00 48.00 49.00 50.00 51.00 52.00 53.00 54.00 55.00 56.00 57.00 58.00 59.00 60.00 61.00
Extraversion 4.50 3.75 0.00 0.75 2.50 3.00 3.50 1.25 3.00 2.25 2.75 0.75 2.00 2.50 1.00 3.50 3.75 1.50 2.75 3.00 3.75
Low Self Control 1.75 3.00 1.75 3.00 0.50 1.50 1.00 2.75 2.25 1.50 1.00 1.75 1.00 2.00 2.25 0.50 1.50 2.75 0.25 2.50 0.75
High aNxiety 0.50 2.00 0.50 3.00 1.50 0.50 1.00 1.50 2.00 2.25 1.25 0.50 2.25 2.00 0.50 0.75 2.25 2.50 2.00 2.50 1.50
Independent 0.25 0.75 0.25 2.00 0.50 0.00 0.00 1.25 1.50 0.75 0.25 1.00 1.25 2.25 0.00 0.00 0.00 1.25 1.25 1.00 0.25
Openness 1.25 1.75 2.25 0.50 1.00 0.50 0.25 2.00 0.75 1.00 1.75 0.25 1.50 2.75 1.50 1.25 1.75 3.50 1.50 1.50 1.50
Introversion 0.50 0.50 0.25 4.00 1.25 1.00 0.00 0.50 1.25 1.00 1.00 0.00 1.75 4.75 0.75 0.75 1.75 3.00 1.00 0.75 1.75
Agreeable 4.75 5.00 3.50 3.75 5.00 5.00 5.00 3.75 3.75 3.50 3.75 1.50 3.00 3.50 5.00 4.50 0.00 3.75 4.25 4.75 3.50
Low aNxiety 2.50 3.00 0.75 3.25 3.75 5.00 3.25 3.00 3.50 2.25 2.50 3.50 3.00 3.50 4.25 2.75 5.00 3.50 2.25 2.75 2.50
High Self Control 4.50 3.75 3.00 4.50 5.00 5.00 3.25 3.75 4.25 3.00 3.75 3.75 4.25 4.50 4.25 3.75 2.75 3.50 5.00 4.50 4.00
Pragmatism 4.00 3.25 1.00 3.25 2.25 3.00 3.00 2.75 3.25 2.50 2.25 2.75 2.25 3.25 3.25 2.25 3.00 2.25 3.50 3.25 2.75
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i. Introversion Versus Extraversion 
Figure 7.4 presents the profile of the Extraversion trait from the data in Tables 7.1 and 
7.2 for control and observed groups respectively. 
 
Observed Group 
 
 
Control Group 
 
Figure 7.4: Profile of Extraversion of Estimators 
 
The extraversion profile classifies estimators in accordance to the level of consultations 
and opinions they gather from other organisations and people in estimating.  The profile 
exhibited in Figure 7.4 for the control group indicated closeness of the two lines for 
extroversion and introversion.  This is an indication that this group of estimators consult 
other professional, other estimators and in estimating but the level of consultation is very 
low.  This is because they are experienced estimators and although they could carry out 
the estimating without any assistance, they relied on some level of consultation to 
improve the reliability of their project estimates.  Figure 7.4 for control group also 
indicate that this group of estimators do not totally disagree with any negative comments 
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on their work but rather analyses those comments to ascertain their validity.  The mean 
of Figure 7.4 for control group was 0.2 which is an indication that experienced estimators 
are extraverts but on very low side.  Again this implies their judgements in estimating are 
based on proven and tested ideas but not just utilising any available idea in estimating. 
 
For the observed group, there was wider spread in the graph of Figure 7.4.  The spread 
was more towards the extroversion line.  This is an indication that this group of 
estimators make adequate consultations in estimating.  The mean of this group of 
estimators also substantiate this fact as the mean was 1.25 as compared to that of 
control group of 0.2.  Estimators in this group therefore rely on ideas from superiors and 
other estimating professionals in the organisation.  They turn to discuss their work with 
others frequently in order to be sure that they are doing the right thing.  This group of 
estimators do agree with negative comments on their work and in most instances, they 
change their project estimates due to comments from other people.  These 
characteristics of the observed group of estimators make their estimates not reliable.  
The question is how these shortfalls could be addressed for the desired reliability in 
project estimates prepared by the observed group of estimators. 
 
To improve the reliability of project cost estimates of the observed group of estimators, 
there is the need for training.  Training could be done in the formal way or informal way.  
On the short run, on-the-job training should be organised for this group of estimators.  
On the long run, short and long courses could be organised to address the observations 
in Figure 7.4 for the observed group.  Other measures to improve the reliability of project 
cost estimates of the observed group spread across other profiles and are discussed in 
the subsequent sections. 
 
ii. Low Anxiety Versus High Anxiety 
Figure 7.5 presents the profile of neuroticism from the data in Tables 7.1 and 7.2 for 
control and observed groups respectively.  Each of the figures is discussed in the 
subsequent sections. 
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Observed Group 
 
 
Control Group 
 
 
Figure 7.5: Profile of Neuroticism of Estimators 
 
The profile in Figure 7.5 for the control group is more to the low anxiety side of the 
graph.  This is an indication that this group of estimators are calm in making decisions in 
estimating.  They are also definitive on any decision they make.  These are attributed to 
the experience they gained over the years.  The mean obtained from the data for figure 
7.5 for the control group is -2.05.  This again substantiates the profile of the control 
group of estimators as estimators with low anxiety.  Estimators in this group are not 
nervous when different person is reviewing their work and they generally are able to 
work under pressure.  This group of estimators are able to defend any decisions they 
make in estimating because their decisions are based on experience in estimating cost 
for projects of similar nature and conditions. 
 
Figure 7.5 for the observed group indicate a similar trend to that of the control group but 
on a smaller scale.  The graph of this group of estimators also was more to the low 
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anxiety side but deviation was less, compared with the control group.  The reasons of 
this behaviour of observed group of estimators of neuroticism personality profile is that 
as estimators there should be some level of calmness in the estimating due to the 
numerous procedures involved.  Furthermore, estimators are supposed to make sound 
judgement and this judgement is dependent on the level of amount of experience of the 
estimator in the field of estimating.  Thus, some basic qualities are necessary if one 
aspires to become an estimator.  These qualities however vary according to the level of 
experience gained.  This therefore explained why both control and observed group of 
estimators are all having low anxiety.  Again as explained, the level differs due to ones 
experience.  An experienced estimator is more confident in the decisions that are made 
due to experience gained and also the decisions are most of the time tried and tested on 
other past projects.  This therefore accounted for the difference in the control group‟s 
level of neuroticism profile compared to that of observed group.  Again the means 
obtained for both also ascertained the explanations on neuroticism profile for the control 
group and the observed group.  The mean from the data of figure 7.5 was -2.5 for the 
control group and -1.79 for the observed group.  Again, the negative of the two values 
indicate that as estimators they all have low anxiety in their various estimating activities 
but the influence varies from the control group to the observed group as explained 
above.  For example, estimators with this profile are calm and definitive in their 
decisions.  However, an experienced estimator as in control group exhibit higher level of 
calmness in decision making and more precise in their decisions than the observed 
group of estimators. 
 
iii. Pragmatism and Openness 
Figure 7.6 presents the profile of Openness from the data in Tables 7.1 and 7.2 for 
control and observed groups respectively.  Each of the figures is discussed in the 
subsequent sections. 
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Observed Group 
 
 
Control Group 
 
 
Figure 7.6: Profile of Openness of Estimators 
 
From Figure 7.6 both control and observed group of estimators were more pragmatic 
than openness.  Again this profile shows that as estimators, decisions must be based on 
proven and justifiable evidence.  Project cost estimates could only be reliable if the 
evidence used in the preparation of the estimates is also reliable.  Again estimating 
procedures are the same for the source of data for the study.  The literature review also 
revealed that the same procedure in estimating is used in the samples obtained for the 
research.  Figure 7.6 therefore proved that estimators in their organisation follow the 
same estimating procedures and these procedures are followed in estimating project 
estimates.  Therefore both control and observed estimators abide by the procedures 
established in their organisations.  This therefore accounted for the negative profile of 
openness of estimators in both control and observed groups. 
 
The level of the profiles again is not the same.  The means of the two groups also 
proved the differences.  The mean for the control group was -1.24 whiles that of the 
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observed group was -1.37.  The difference of the control group‟s mean from that of the 
observed group was because as experienced estimators they seek for new ways that 
will improve the reliability of the method being used.  The seeking of new ways means 
the control group of estimators are somehow open to some new ways of performing the 
same task.  The idea is the control group will like to use their experience gained from the 
past to improve upon the procedure being used in order for the project cost estimates to 
be more reliable compared with the current procedure.  This attribute of the control 
group accounted for the difference in the means of the two groups.  This exploring 
nature of the control group as the result of the experienced gained accounted for some 
openness thus reducing the pragmatism as compared to that of the observed group who 
stick to the laid down procedures in their work.  
 
iv. Agreeableness and Independence 
Figure 7.7 presents the profile of Agreeableness from the data in Tables 7.1 and 7.2 for 
control and observed groups respectively.  Each of the figures is discussed in the 
subsequent sections. 
 
Observed Group 
 
 
Control Group 
 
Figure 7.7: Profile of Agreeableness of Estimators 
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Figure 7.7 show wider spread of the data for observed group as compared to the control 
group.  Figure 7.7 also show the profile of both groups was more agreeableness as 
compared to independence.  The difference in the spread is attributed to a number of 
reasons which are explained in the subsequent section. 
 
The control group are experienced estimators who sometimes agree with the views of 
others in estimating.  They also tolerate to criticism on their work to a reasonable level.  
This group of estimators are ready to lend support to subordinates.  They are the type of 
estimators that organise on-the-job training for subordinates with the aim of improving 
reliability of estimates.  The literature review identified high workload to experienced 
estimator ratio in the road sector of Ghana.  This therefore demands lot of 
responsibilities on the experienced estimators who were the control group in the 
research.  The resultant effect is fatigue among others on the control group of estimators 
thus influencing their decision making orientations.  To address this abnormally requires 
urgent short-term measures.  This is where the control group of estimators exhibit the 
attribute in this profile by helping subordinates and organising on-the-job training to bring 
the observed group of estimates to the required standard.  The benefit to the control 
group from this short term measures could therefore not be overemphasised.  Again the 
control group sometimes regard themselves as the approving authority due to the 
experienced gained over the years.  This therefore accounted for the trace of 
independence in the profile thus making the mean of the control group 2.11 as against 
that of the observed group of 2.83. 
 
The observed group were high on the openness profile.  This is understandable since 
observed group of estimators lack the required experience hence turn to listen to views 
from other people.  The lack of experience also accounted for the fact that they tolerate 
any criticism on their work.  They easily agree with the views of others due to the fact 
that they do not have any proven and tested instances of works of similar nature in the 
past.  Again, lack of experience is the main reason of this development on the part of the 
observed group of estimators. 
 
 
 
 
 215 
High Self-Control and Low Self-Control 
Figure 7.8 presents the profile of neuroticism from the data in Tables 7.1 and 7.2 for 
control and observed groups respectively.  Each of the Figures is discussed in the 
subsequent sections. 
 
Observed Group 
 
 
Control Group 
 
Figure 7.8: Profile of Conscientiousness of Estimators 
 
This profile exhibited conscientiousness trait of estimators.  Figure 7.8 indicate that the 
profile of both group of estimators on conscientiousness is high.  This implies that both 
groups of estimators exhibit high self-control in their work.  Figure 7.8 show that the 
spread of low and high self-control in both groups are almost the same.  This is because 
estimators are expected to keep to the same task until it is completed.  They are 
supposed to analyse all information on the project before making decisions.  The ethics 
of estimating profession requires estimators to have the satisfaction of their customers 
as their priority.  In so doing, estimators are mindful to what the public say about their 
work.  All these are attributes of an estimator whether one is experienced or not 
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experienced.  This therefore explained the similarity in the behaviour of the traits in 
Figure 7.8 for both control group of estimators and the observed group of estimators.  
The mean for the control group of estimators was 2.24 and that of the observed group of 
estimators was 2.22.  The slight difference is because the control group of estimators 
are more conscious of the ethics of the profession, which requires customer satisfactions 
as a priority. 
 
7.3.1.2 Comparing Traits of Estimators  
The personality trait of the control and observed estimators were determined from 
Tables 7.3 and 7.4 respectively.  Table 7.3 was derived from Table 7.1 for the control 
group of estimators whiles Table 7.4 was derived from Table 7.2 for the observed group 
of estimators.   The method used in the derivation is shown for each trait as follows: 
 
i. Determination of Formula 
 
Extraversion (E) 
E-I=Pei 
where E is Extraversion, I is Introversion and Pei is the Extraversion personality type 
 
Neuroticism (N) 
HN-LN= Pn 
 
where HN is High Anxiety, LN is Low Anxiety and Pn is the Neuroticism personality type 
 
Openness (O) 
O-P=Po 
where O is Openness, P is Pragmatism and Po is the Openness personality type 
 
Agreeableness (A) 
A-Id=PA 
where A is Agreeableness, Id is Independence and PA is the Agreeableness personality 
type 
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Conscientiousness ( C) 
 HC-LC= Pc 
where HC is High Self-Control, LC is Low Self-Control and PC is the Conscientiousness 
personality type 
 
The formulas were used in the computation of the personality traits as shown in Tables 
7.3 and 7.4 for the control and observed group of estimators respectively. 
 
ii. Combined Profile of the Control and Observed Groups. 
Figure 7.9 shows the graphical behaviour of the combined traits in a form of scatter 
diagram and Table 7.5 shows the means of the traits for the control group of estimators.  
Similarly, Figure 7.10 and Table 7.6 show the scatter diagram and means respectively of 
the traits of the observed group of estimators. 
 
 
 
Figure 7.9: Combined Profiles of Control Group of Estimators 
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Table 7.5: Mean of Control Group 
No Trait Mean 
 1 Extraversion 0.2 
2 Conscientiousness 2.23571 
3 Openness -1.2429 
4 Agreeableness 2.11429 
5 Neuroticism -2.05 
 
 
 
 
Figure 7.10: Combined Profiles of Observed Group of Estimators 
The means of the personality traits of the control group is shown in Table 7.6 
 
Table 7.6: Mean of Observed Group 
No Trait Mean 
 1 Extraversion 1.25 
2 Conscientiousness 2.221311 
3 Openness -1.37295 
4 Agreeableness 2.827869 
5 Neuroticism -1.78689 
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Each of the traits in the control and observed group of estimators are discussed in the 
next section. 
 
Extraversion 
Figure 7.9 and Table 7.5 showed that the control group was extravert.  However, the 
extraversion of the control group was at the lower side with the research personality 
instrument scale in Figure 7.3.  This implies estimators in this group although do consult 
other estimators and professionals in other fields; the level of consultation is low.  This is 
because of the experienced gained over the years thus, they rely on their thoughts in 
making some of the decisions.  Again, the low extraversion of the estimators in this 
group is also attributed to their behaviour in terms of negative comments on their work.  
This group of estimators believe that the experience gained is sufficient for the work 
hence do sometimes disagree with such negative comments.  This is more pronounced 
in estimating in the field that the estimator has been practicing for considerable number 
of years.  Such an estimator therefore believes in the outcome of the estimate and 
therefore is unyielding to any other person‟s suggestions.  In general, estimators in the 
control group do seek other people opinions when estimating but they do this in a milder 
scale due the experienced they gained over the years. 
 
On the other hand Figure 7.10 and Table 7.6 shows that the observed group of 
estimators have reasonable extraversion which was on the higher side compared with 
that of control group.  Figures 7.9 and 7.10; and Tables 7.5 and 7.6 explained this 
assertion.  This is because this group of estimators lack experience hence they turn to 
seek much opinion on their work to be sure they are doing the right thing.  Again they 
also result in discussions on their work with their superior for approval before continuing 
with the next stage in order to be sure they are on the right path.   
 
These attributes of the control and the observed groups of estimators accounted for the 
difference in the level of extraversion and also explained why estimators in both groups 
are extraverts. 
 
Conscientiousness 
From Figure 7.9, the estimators in the control group are generally high self-control. The 
mean for the Conscientiousness trait of 2.23571 from Table 7.5 with the personality 
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instrument scale in figure 7.3 was also an indication that estimators in this group are of 
generally high self-control trait.  It should be of interest that Conscientiousness trait in 
Figure 7.10 for the observed group has also a mean of 2.221311 from Table 7.6 using 
the research personality instrument scale in Figure 7.3.  Equally of great importance is 
the closeness of the means in both the control and observed groups of estimators for the 
conscientiousness traits.  This is because estimators analyses information critically prior 
to decision-making.  Also the ethics of the estimating profession attaches the importance 
to customer satisfaction.  These are attributes of any estimator.  The attribute however 
are developed as experience is gained.  It should however be noted that the 
development of these attributes are on marginal scale since this is an inherent attribute 
of all estimators.  This therefore accounted for the closeness of the control group and the 
observed group in the conscientiousness trait, and the marginal difference in the control 
and observed group of estimators. 
 
It should therefore be noted that the trait conscientiousness do not vary significantly with 
experience.  This is of great interest in understanding which part of estimator attributes 
that influence reliability of project estimates.  It will therefore assist in deciding which of 
the traits to be given much attention for the desired reliability to be achieved on project 
estimates. 
 
Openness 
Figure 7.9 and 7.10 show the scatter diagram of the openness trait for the control and 
observed group of estimators respectively.  Similarly, Tables 7.5 and 7.6 show the 
means of the control and the observed group of estimators respectively.  The Figures in 
7.9 and 7.10 show an indication that both groups of estimators are pragmatic in 
accordance to the research personality instrument scale in Figure 7.3.  This is so 
because as estimators, decisions have to be made in estimating with facts that are 
justified and proven to be accurate.  Again, every organisation has its own procedure in 
estimating.  The closeness of the mean in both group of estimators indicate that both 
groups follow laid down procedures in estimating.  This revelation from Figure 7.9 and 
7.10, and also Tables 7.5 and 7.6 substantiate the fact that both group of estimators are 
drawn from the same population that have the same procedure in estimating.  This also 
concurred with the review of estimating practice in the previous chapters that identified 
estimating procedures as the same in the source of the data for the research. 
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The marginal difference in the mean of the control group and that of the observed group 
is because as experienced estimators, they explore new ways of doing the same task as 
a form of innovations, which is aim at improving the outcome of their work, thus 
improving reliability of project estimates.  The procedures currently being used were 
developed by people of the same calibre of experience hence the control group 
continually try to bring innovations into the estimating through their experience gained 
over the years.  This will have added advantage in that the procedures are not stagnant 
but changes with the technological advancement and with time. 
 
Therefore, openness trait influences the estimator behaviour in decision making 
orientations although the level of influence is not as high as that of extraversion, 
agreeableness, and neuroticism. 
 
Agreeableness 
From Figure 7.9, the estimators in the control group generally have the agreeableness 
trait.  The mean for the agreeableness trait of 2.11429 from Table 7.5 with the research 
personality instrument scale in Figure 7.3 is also an indication of general agreeableness 
in trait for the control group of estimators.  The mean on the other hand of the 
agreeableness trait in Figure 7.10 for the observed group was 2.827869 from Table 7.6 
using the personality instrument scale in Figure 7.3. 
 
The difference in both groups of estimators is significant.  Firstly, this is an indication that 
the agreeableness trait is of outmost importance in the achievement of reliable project 
cost estimates.  The significant difference also showed that the observed group of 
estimators are venerable to tolerate criticism on their work, and most agree with the 
views that other people express on their work without analysing those views thoroughly. 
 
This trait should be given the needed attention in analysing the influence of traits on the 
individual estimator‟s decision-making orientations.  The revelation from Figures 7.9 and 
7.10 was that there is lack of adequate self-confidence in the observed group when 
preparing cost estimates on projects.  This observation has to be addressed for the 
reliability desired for.  On way of addressing this is through continues interaction of the 
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experienced estimators with the estimators with the characteristics of the observed 
group in the organisation, and through on-the-job training. 
 
Neuroticism 
Figure 7.9 show that estimators in the control group generally have low anxiety type of 
personality trait.  The mean for the Neuroticism trait from Table 7.5 with the research 
personality instrument scale in Figure 7.3 also indicate that the control group of 
estimators have low anxiety trait.  The mean on the other hand of the Neuroticism trait in 
Figure 7.10 for the observed group was -1.78689 from Table 7.6 using the research 
personality instrument scale in Figure 7.3.  The significant difference between the means 
of both groups is an indication that neuroticism trait is of outmost importance in 
addressing the endogenous factors that influence decision-making orientations of 
estimators thus reliability of project estimates. 
 
Again, the experienced estimators are naturally calm in making decisions due to 
experienced gained over the years.  The calmness becomes greater when the control 
group of estimators are estimating in the field they have being practicing over the years.  
On the other hand, the observed group of estimators are cautious in their work hence 
are not in the position to make fast decisions in such instances.  Again, the observed 
group of estimators make mistakes if working under pressure.  This is because they 
needed adequate time for analysing information before making decisions since in most 
cases; they have no experience in the area of estimating.  Even if they have done some 
estimating in that area, they do not have sufficient experience that will enable them to 
make fast decisions.  You will recalled from the earlier explanations on some of the traits 
that the observed group of estimators consult their superiors in most instances when 
preparing cost estimates on projects. 
 
The neuroticism trait is therefore of outmost importance in understanding the influence of 
personality traits on the decision making orientations of estimators, and thus on the 
reliability of project cost estimates. 
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Table 7.3:  Personality Traits of Control Group of Estimators 
 
 
 
Table 7.4: Personality Traits of Observed Group of Estimators 
 
 
 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Extraversion 1.00 1.25 -0.50 -0.50 -1.00 -2.50 2.00 -4.00 -2.00 -3.25 0.50 2.75 0.75 2.00 0.50 1.50 0.50
Conscientiousness 0.50 3.25 2.50 2.00 2.25 0.25 1.75 1.50 3.25 3.75 2.00 2.00 2.25 2.75 2.25 3.00 2.50
Openness 0.25 0.50 -0.50 -1.00 -2.00 -1.25 -0.50 -1.25 -2.00 -2.00 -1.25 -1.50 -1.25 -2.00 -1.25 -1.75 -1.50
Agreeableness -0.50 2.75 3.50 1.75 2.75 0.00 3.25 1.75 2.25 2.00 2.25 2.00 1.50 3.75 0.50 4.25 1.75
Neuroticism -0.25 -2.50 -3.75 -1.50 -1.25 -0.50 -1.50 -3.50 -1.50 -3.50 -2.00 -1.50 -1.75 -4.00 -1.25 -2.75 -2.50
18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
Extraversion -0.25 -1.00 1.50 0.75 0.50 -0.50 2.75 -1.00 1.25 1.75 1.75 1.25 1.00 -2.25 0.50 2.00 -0.50 -1.50
Conscientiousness 2.50 3.00 1.75 4.00 1.50 2.75 1.50 2.00 2.25 3.25 1.75 2.00 0.50 1.25 1.75 3.25 3.75 1.75
Openness -1.00 -2.00 -2.75 -2.25 -1.50 -0.25 -0.25 -1.25 -1.25 -0.50 -1.50 -0.25 0.25 -0.25 -1.00 -4.75 -2.50 -0.25
Agreeableness 3.50 2.75 2.75 2.25 2.75 0.75 1.75 1.25 2.75 2.25 1.75 2.50 -0.50 1.00 3.00 3.75 3.25 1.00
Neuroticism -2.00 -2.50 -2.50 -2.00 -2.75 -2.25 -1.25 -3.00 -1.50 -1.50 -2.50 -0.75 -0.25 -1.25 -3.50 -3.50 -2.00 -1.25
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Extraversion -1.25 -1.00 0.75 1.50 1.25 2.25 1.25 1.50 2.25 2.75 0.50 -1.00 0.00 1.50 2.00 3.25 1.25 -1.25 0.25 2.50
Conscientiousness 2.25 2.50 2.25 1.50 0.75 1.50 2.75 0.75 3.00 2.75 2.75 1.50 1.50 1.75 3.50 2.25 3.25 2.25 2.25 2.75
Openness -1.25 0.75 -1.00 -2.00 -2.50 -2.00 -1.25 -1.00 -0.50 -2.75 -0.75 -1.50 -1.50 -0.50 -2.00 -3.25 -1.25 -1.50 -2.25 -1.25
Agreeableness 1.25 1.50 2.50 3.25 2.75 3.25 4.25 3.50 1.00 1.75 4.50 2.25 -0.50 2.50 2.75 3.50 2.50 1.50 1.25 3.75
Neuroticism -2.25 -2.75 -1.50 -2.50 -1.50 -1.25 -1.25 -1.25 -0.75 -3.50 -1.25 -2.00 0.25 -3.00 -3.00 -2.00 -2.75 -4.00 -2.50 -1.00
21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
Extraversion 0.75 4.00 2.00 0.25 0.00 1.75 0.00 2.25 1.50 2.25 2.25 1.75 3.00 1.75 1.50 -0.25 2.00 1.50 1.25 2.25
Conscientiousness 1.25 2.00 2.00 2.00 2.00 3.75 2.25 1.50 0.00 3.50 3.50 3.00 2.75 1.75 3.00 1.75 2.75 2.75 2.50 -1.00
Openness -1.50 -1.75 -3.25 -0.25 -0.50 -2.50 0.50 -2.00 -1.75 -2.00 1.00 -2.50 -1.50 0.50 -1.75 -1.25 -2.75 -1.25 -1.75 0.75
Agreeableness 1.50 3.75 3.50 2.75 1.75 1.75 3.50 2.00 2.75 4.50 4.00 2.50 2.50 3.25 5.00 2.00 5.00 1.25 3.75 1.75
Neuroticism -1.25 0.00 -1.75 -1.00 -3.75 -4.25 -2.25 -0.75 -1.75 -4.00 -0.75 -1.25 0.75 -1.25 -2.25 -2.75 -3.50 -2.25 -3.50 1.25
41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61
Extraversion 4.00 3.25 -0.25 -3.25 1.25 2.00 3.50 0.75 1.75 1.25 1.75 0.75 0.25 -2.25 0.25 2.75 2.00 -1.50 1.75 2.25 2.00
Conscientiousness 2.75 0.75 1.25 1.50 4.50 3.50 2.25 1.00 2.00 1.50 2.75 2.00 3.25 2.50 2.00 3.25 1.25 0.75 4.75 2.00 3.25
Openness -2.75 -1.50 1.25 -2.75 -1.25 -2.50 -2.75 -0.75 -2.50 -1.50 -0.50 -2.50 -0.75 -0.50 -1.75 -1.00 -1.25 1.25 -2.00 -1.75 -1.25
Agreeableness 4.50 4.25 3.25 1.75 4.50 5.00 5.00 2.50 2.25 2.75 3.50 0.50 1.75 1.25 5.00 4.50 0.00 2.50 3.00 3.75 3.25
Neuroticism -2.00 -1.00 -0.25 -0.25 -2.25 -4.50 -2.25 -1.50 -1.50 0.00 -1.25 -3.00 -0.75 -1.50 -3.75 -2.00 -2.75 -1.00 -0.25 -0.25 -1.00
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Table 7.7 show the qualification and experience of the estimators used in the analyses.  
Table 7.7 was derived from Appendix B.  The meanings of the symbols in Table 7.7 are 
presented for each variable as follows: 
i. Qualifications: X=HND or equivalent, Y=BSc. or equivalent and Z=MSc. or 
equivalent 
ii. Experience: A=0-2 years, B=3-4 years, C=5-6 years and D=7-10 years 
The hypothesis test was conducted to ascertain the influences of qualification and 
experience on reliability are discussed in the subsequent section. 
 
 
 
. 
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Table 7.7: Experience and Qualifications (Observed Group of Estimators) 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Y X Y Y Y Y Y X Y Y Y Y Y Y Y
B D B B D C D B A B A C D A B
-0.0579 -0.0068 -0.0014 -0.0786 -0.0343 0.0074 -0.0558 0.3993 0.6524 0.1401 0.1672 -0.0641 -0.0738 0.5942 -0.0443
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Y Y Y Y Z X X Y Y X Y Y X X Y
C C C C C D D B D C B C D B C
0.1825 0.2363 0.1653 0.1119 -0.0383 -0.0821 -0.0641 0.6841 -0.0733 0.2027 0.2858 -0.0405 2.0118 0.0132 0.0693
31 32 33 34 35 36 37 38 39 40 41 42 43 44 45
X X Y Y Y Y Y Y Y X X Y Y X Y
B A B C A D B B B A C B D D C
0.3798 0.2058 0.0503 -0.1736 0.0373 0.0479 0.5434 -0.0850 -0.0551 -0.8867 0.0390 0.3092 -0.4042 0.1094 -0.0509
46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61
Y Y X Z X Y Y Y Z Y Y Y Z Y X Y
C A C D C C B C D B B C D D D C
-0.0273 0.6201 -0.1674 -0.0062 0.0367 -0.0943 0.4042 -0.0229 -0.2436 0.0244 0.0418 0.2486 -0.1216 -0.1026 -0.0842 -0.1611
Estimator
Qualification
Experince
StdReliability
StdReliability
Estimator
Qualification
Experince
StdReliability
Experince
Estimator
Qualification
Experince
StdReliability
Estimator
Qualification
 
 
KEY: 
Qualification:     Experience: 
X = HND or equivalent   A = 0-2 years   D = 7-10 years 
Y = BSc. or equivalent   B = 3-4 years 
Z = MSc or equivalent   C = 5-6 years 
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7.3.2 Analysis of Traits Variables 
The research personality instrument traits variables namely Extraversion, 
Conscientiousness, Openness, Agreeableness and Neuroticism were analysed using 
Statistical Packaged for Social Sciences (SPSS) from data on the observed group.  The 
analysis was to either reject or not to reject the Null Hypothesis and vice versa for the 
Alternate Hypothesis.  Three types of analysis were performed on three different 
variables.  The variables tested were qualification and experience in Table 7.7, and 
personality archetype in Table 7.4 with the standardised scores in Appendix F.  The 
statistical technique employed in the analysis was One Way Analyses of Variance 
(ANOVA). 
 
7.3.2.1 Testing of Reliability 
The influence of qualification, experience and personality archetype on reliability was 
analysed using ANOVA.  Each of the analysis is discussed as follows: 
 
QUALIFICATION 
The test of the influence of qualification on reliability was to provide justifications for the 
results of the trait influence on reliability.  This is because from logical stance, the more 
qualification the better performance. 
 
The Null Hypothesis tested was “there is no systematic difference in reliability across 
various qualification variables”  
 H0 : Mx = My =Mz where  H0 is the Null Hypothesis, Mx, My, Mz are means of variables 
X, Y and Z respectively. 
 
The Alternate Hypothesis was “there is systematic difference in reliability across various 
qualification variables”. 
H1: Mx≠ My; Mx≠ Mz; My≠ Mz where H1 is the Alternate Hypothesis, Mx, My, Mz are 
means of variables X, Y and Z respectively. 
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Data in table 7.7 on qualifications of the various estimators and the standardised scores 
in Appendix F and table 7.7 were used in the analysis.  The results of the analysis are 
presented in the next chapter. 
 
EXPERIENCE 
The Null Hypothesis tested was “there is no systematic difference in reliability across 
various experience variables”  
 H0 : Ma = Mb =Mc = Md where  H0 is the Null Hypothesis, Ma, Mb, Mc. Md are means of 
variables A, B, C and D respectively. 
 
The Alternate Hypothesis was “there is systematic difference in reliability across various 
experience variables”. 
H1: Ma≠ Mb; Ma≠ Mc; Ma≠ Md; Mb≠ Mc; Mb≠ Md; Mc≠ Md where H1 is the Alternate 
Hypothesis,  Ma, Mb, Mc and Md are means of variables A, B, C and D respectively. 
 
Data in table 7.7 on experience of the various estimators and the standardised scores in 
Appendix F and table 7.7 were used in the analysis.  The results of the analysis are 
presented in the next chapter. 
 
PERSONALITY ARCHETYPE 
The Null Hypothesis tested was “there is no systematic difference in reliability across 
various traits variables”  
 H0 : Me = Mc =Mo = Ma = Mn where H0 is Null Hypothesis, Me, Mc, Mo. Ma, Mn  are 
means of variables Extraversion, Conscientiousness, Openness, Agreeableness and 
Neuroticism respectively.  If there is equality of means, then analysis of variance should 
prove that the means are equal. 
 
The Alternate Hypothesis was “there is systematic difference in reliability across various 
traits variables”. 
H1: Me≠ Mc; Me≠ Mo; Me≠ Ma; Me≠ Mn; Mc≠ Mo; Mc≠ Ma; Mc≠ Mn; Mo≠ Ma; Mo≠ Mn; 
Ma≠ Mn where H1 is the Alternate Hypothesis,  Me, Mc, Mo. Ma, Mn  are means of 
variables Extraversion, Conscientiousness, Openness, Agreeableness and Neuroticism 
respectively. 
 228 
Data in personality archetype in table 7.4 and standardised scores in Appendix F were 
used in the analysis.  The results of the analyses are presented in the next chapter. 
 
7.3.2.2 Bivariate Analysis 
Bivariate analysis was performed on the variables to determine if there is a relationship 
between the various variables.  The various traits were analysed and the results from the 
analysis are presented in Appendix G.  Table 7.8 represents the summary of Pearson‟s 
Correlation Coefficient derived from Appendix G demonstrating that the various traits are 
not collinear. 
Table 7.8: Table of Pearson’s Correlation Coefficient 
 E C O A N 
E  0.165 -0.332 0.435 0.072 
C 0.165  -0.192 0.263 -0.317 
O -0.332 -0.192  -0.120 0.300 
A 0.435 0.263 -0.120  -0.112 
N 0.072 -0.317 0.300 -0.112  
 
From Table 7.8, the correlation coefficients for the various variables were low.  These 
low figures are indication that all the variables are not collinear.  Hence, the traits cannot 
be compared with each other.  The study was to compare the reliability with the control 
group.  Hence the change in the means of each trait with that of the control group was 
analysed to ascertain the trait that have the most significant difference between the 
observed and control groups.  The means of the various traits for control group was 
derived from Table 7.5 and that of the observed group was derived from Table 7.6.  
Tables 7.9 shows the means derived for both groups. 
 
Table 7.9: Means of Variables 
Variable Mean of Control Mean of Observed % Change Rank
Extraversion 0.2000 1.2500 525.0000 1
Concientiousness 2.2357 2.2213 -0.6442 5
Openness -1.2429 -1.3730 10.4673 4
Agreeableness 2.1143 2.8279 33.7506 2
Neuroticism -2.0500 -1.7869 -12.8349 3  
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The traits of the observed group were compared with the control group for the transition 
test.  The control group are the experienced estimators and the reliability of the 
estimates of the observed group is compared with that of the control group.  The 
percentage changes in table 7.9 therefore indicate the traits that have significant change 
in transition from observed to control group of estimators.  In other words, the changes 
indicate transition of trait from inexperienced to experienced estimators. 
 
7.3.2.3 Trait Classification of Observed Group  
The trait classification of the observed group was derived from Table 7.4.  Table 7.10 
show the trait classification of the observed group.  From Table 7.10 thirty-two 
estimators in the observed group were classified to have Agreeableness traits, nine as 
Conscientiousness, five as Extraversion, thirteen as Neuroticism and two as Openness 
traits. 
 
The estimators in the observed group prepared project estimates on a proposed project.  
The project was to compute the cost of concrete speed ramp across a highway.  The 
parameters on the speed ramp and all information including the cost of the resources 
were given to the estimators.  The contingency to be allowed and some other 
assumptions were not given.  The objective was to ascertain the variability in the project 
estimate as the result of the influence of the endogenous factors that relate to the 
decision-making orientations of the individual estimators.  The data on the project cost 
estimates prepared are presented in Appendix E and Table 7.11.  The raw data on the 
cost estimates were standardised for analysis purposes to z-scores.  Appendix F and 
Table 7.11 show the standardised scores.  Figure 7.11 show the graphical presentations 
of the standardised z-scores. 
 
Analysis of Variance (ANOVA) was performed using the standardised scores in Table 
7.11 and trait classification in Table 7.10.  The results are presented in the next chapter. 
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Table 7.10: Trait Classification of Observed Group 
 
Estimator 1 2 3 4 5 6 7 8 9 10
Trait N N A A A A A A E N
Estimator 11 12 13 14 15 16 17 18 19 20
Trait A A O N C A C N N A
Estimator 21 22 23 24 25 26 27 28 29 30
Trait A A A A N N A E A N
Estimator 31 32 33 34 35 36 37 38 39 40
Trait C C E A C N N C A E
Estimator 41 42 43 44 45 46 47 48 49 50
Trait A A A E A A A A O A
Estimator 51 52 53 54 55 56 57 58 59 60 61
Trait A N C C A A N A C A A  
 
KEY: 
E = Extraversion     O = Openness   N = Neuroticism 
C = Conscientiousness    A = Agreeableness 
 
Table 7.11: Cost Estimates and Standardised Scores 
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Estimator 1 2 3 4 5 6 7 8 9 10
Cost Estimate 339.16 357.55 359.48 331.69 347.67 362.66 339.91 503.75 594.88 410.44
Variance -20.84 -2.45 -0.52 -28.31 -12.33 2.66 -20.09 143.75 234.88 50.44
Z-Score -0.0579 -0.0068 -0.0014 -0.0786 -0.0343 0.0074 -0.0558 0.3993 0.6524 0.1401
Estimator 11 12 13 14 15 16 17 18 19 20
Cost Estimate 420.20 336.91 333.42 573.91 344.04 425.71 445.08 419.49 400.28 346.22
Variance 60.2 -23.09 -26.58 213.91 -15.96 65.71 85.08 59.49 40.28 -13.78
Z-Score 0.1672 -0.0641 -0.0738 0.5942 -0.0443 0.1825 0.2363 0.1653 0.1119 -0.0383
Estimator 21 22 23 24 25 26 27 28 29 30
Cost Estimate 330.44 336.92 606.28 333.63 432.96 462.89 345.43 1,084.26 364.75 384.94
Variance -29.56 -23.08 246.28 -26.37 72.96 102.89 -14.57 724.26 4.75 24.94
Z-Score -0.0821 -0.0641 0.6841 -0.0733 0.2027 0.2858 -0.0405 2.0118 0.0132 0.0693
Estimator 31 32 33 34 35 36 37 38 39 40
Cost Estimate 496.71 434.08 378.10 297.50 373.43 377.24 555.61 329.40 340.15 40.79
Variance 136.71 74.08 18.1 -62.5 13.43 17.24 195.61 -30.6 -19.85 -319.21
Z-Score 0.3798 0.2058 0.0503 -0.1736 0.0373 0.0479 0.5434 -0.0850 -0.0551 -0.8867
Estimator 41 42 43 44 45 46 47 48 49 50
Cost Estimate 374.05 471.30 214.48 399.40 341.69 350.16 583.22 299.74 357.78 373.22
Variance 14.05 111.3 -145.52 39.4 -18.31 -9.84 223.22 -60.26 -2.22 13.22
Z-Score 0.0390 0.3092 -0.4042 0.1094 -0.0509 -0.0273 0.6201 -0.1674 -0.0062 0.0367
Estimator 51 52 53 54 55 56 57 58 59 60 61
Cost Estimate 326.06 505.50 351.76 272.32 368.78 375.05 449.49 316.21 323.07 329.67 302.00
Variance -33.94 145.5 -8.24 -87.68 8.78 15.05 89.49 -43.79 -36.93 -30.33 -58
Z-Score -0.0943 0.4042 -0.0229 -0.2436 0.0244 0.0418 0.2486 -0.1216 -0.1026 -0.0842 -0.1611
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Figure 7.11: Graphical Presentation of Standardised Z-Scores of Estimates 
 
Figure 7.11 show the boundaries of reliability due to trait influence in decision making 
orientations of individual estimators.  Different targeted training programs for each of the 
boundaries will bring the estimates close to zero on the graph, the desired reliability. 
 
 
7.4 SUMMARY 
The chapter has addressed the data elicitation for the study.  The risks associated with 
questionnaire design were discussed and appropriate mitigations measures were put in 
place in the design of the questionnaire.  The chapter discussed stratified sampling 
followed by systematic sampling as the methods used in sampling for the respondents for 
the study.  The risks identified and the mitigations measures employed in the sampling 
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were discussed in the chapter.  Two samples namely control group and the observed 
group of estimators were discussed in the chapter. 
 
The chapter discussed the workshops held for the elicitation of data for the study.  Risks 
identified in the organisation of the workshop were addressed in the chapter.  Two sets of 
data were collected.  The chapter discussed the personality data and the cost estimates 
data.  The chapter presented the characteristics of the data collected from the workshops 
in a form of tabulations and graphical presentations.  The chapter discussed how the 
observed group of estimators were classified for their personality traits.  Correlation of the 
variables was determined and it was established from the low person‟s correlation 
coefficients that the various traits are not collinear.  
 
The chapter discussed transition in each trait from inexperienced to experienced 
estimators and revealed that Extraversion trait showed highest change and 
conscientiousness the least. 
 
The chapter presented the Null and Alternate hypotheses tested for the three types of 
variables namely qualification, experience and personality archetype with standardised 
scores of estimates.  The results of the analyses are presented in the next chapter. 
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CHAPTER EIGHT 
 
RESULTS AND ANALYSES 
 
8.0 OVERVIEW 
The chapter presents the statistical analysis of personality profiles as they relate to the 
hypothesis that various traits correlate with each other.  The chapter commences by 
presenting the summaries statistics for each of the variables for the research.  The results 
for the summary statistics were generated using frequencies.  The statistical results 
showed that all the variables for both the control and observed groups suggest normality. 
The chapter presents the results from Bivariate analysis on the variables and established 
that the variables are not collinear.  The results from the analyses of qualification on 
reliability, experience on reliability and personality archetype on reliability are presented in 
this chapter. 
 
 
8.1 SUMMARY STATISTICS OF VARIABLES  
The frequency procedure was used to obtain the summary of individual variables.  The 
summaries were generated using SPSS.  The results for the control and observed groups 
are presented in the subsequent sections. 
8.1.1 Summary Statistics for Control Group 
The variables from the control group include Extraversion, Conscientiousness, Openness, 
Agreeableness and Neuroticism.  The summary of statistics of theses variable are 
 235 
presented in Tables 8.1 to 8.5 and the histogram of the distributions are presented in 
Figures 8.1 to 8.5. 
 
8.1.1.1 Extraversion  
The closeness of the mean and median suggests that the distribution is symmetrical.  The 
skewness and kurtosis were low thus bringing the distribution closer to normality.  The -
0.712 skewness suggest that extraversion was slightly sifted to the left of the centre of the 
symmetry and the data was slightly more at the left side.  However, the movement was not 
significant and the extraversion variable was therefore assumed to have the properties of 
normality. 
 
The histogram in Figure 8.1 and Table 8.1 presents the visual summary of the distribution 
of the extraversion and the summary statistics of the variable respectively, for the control 
group. 
 
Table 8.1: Statistics for Extraversion variable for Control Group 
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Figure 8.1: Histogram of Extraversion Distribution for Control Group 
 
 
8.1.1.2. Conscientiousness 
From Table 8.2 the mean was 2.2357 and the median was 2.25.  This showed that the 
mean and the median were very close.  The variable distribution therefore suggests 
normality.  The skewness of –0.137 and kurtosis of -0.064 showed a strong evidence that 
the distribution of conscientiousness variable for the control group indicate normality.  The 
negative values of the skewness and kurtosis only indicate that the skewness was to the 
left side from the median.  The mean was at the left side of the median, which is an 
indication that the variable distribution was towards the right.  However, the closeness of 
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the mean to the median showed that the deviation was not significant.  Therefore the 
conscientiousness variable was considered to exhibit normal distribution. 
 
The histogram in Figure 8.2 and Table 8.2 presents the visual summary of the distribution 
of the conscientiousness and the summary statistics of variable respectively, for the control 
group. 
 
Table 8.2: Statistics for Conscientiousness variable for Control Group 
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Figure 8.2: Histogram of Conscientiousness Distribution for Control Group 
 
8.1.1.3 Openness 
From Table 8.3 the mean and median were very close.  This is an indication that the 
distribution suggests normality.  The negative value of both the mean and the median 
indicate that the variable distribution was towards the left.  This was also confirmed by the 
skewness value of -1.018.  The kurtosis in this case was slightly high but not significant. 
The mean in this variable was at the right side of the median, which was another 
confirmation that the distribution of the variable was towards the left.  However, the 
closeness of the mean to the median showed a strong indication of the normality of the 
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distribution.  Therefore the openness variable was considered to exhibit normal 
distribution. 
 
The histogram in Figure 8.3 and Table 8.3 presents the visual summary of the distribution 
of the openness and the summary statistics of variable respectively, for the control group. 
 
Table 8.3: Statistics for Openness variable for Control Group 
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Figure 8.3: Histogram of Openness Distribution for Control Group 
 
8.1.1.4 Agreeableness 
The mean and median of 2.114 and 2.5 respectively from Table 8.4 showed an indication 
of normality of the distribution.  The distribution skewed very slightly to the left as indicated 
by the skewness of -0.519.  The kurtosis of -0.025 which was almost zero confirmed that 
the distribution was symmetry.  Again, the mean was towards the left side of the median 
which was also a confirmation that the variable was distributed to the left.  However, the 
closeness of the mean and median together with the low values of the skewness and the 
kurtosis showed reasonable evidence that the distribution of Agreeableness variable for 
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the control group indicate normality.  Therefore, the agreeableness variable was 
considered to exhibit normal distribution. 
 
The histogram in Figure 8.4 and Table 8.4 presents the visual summary of the distribution 
of the Agreeableness and the summary statistics of variable respectively, for the control 
group. 
 
Table 8.4: Statistics for Agreeableness variable for Control Group 
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Figure 8.4: Histogram of Openness Distribution for Control Group 
 
8.1.1.5 Neuroticism 
From Table 8.5, the closeness of the mean and median suggests that the distribution was 
symmetrical.  The skewness and kurtosis were low thus bringing the distribution closer to 
normality.  The negative value of skewness suggests that neuroticism has a slight shift to 
the left of the centre of the symmetry and the data was slightly more distributed to the left 
of the mean.  However, the shift was not very significant and the neuroticism variable was 
therefore, assumed to have the properties of normality. 
 
The histogram in Figure 8.5 and Table 8.5 presents the visual summary of the distribution 
of the neuroticism and the summary statistics of variable respectively, for the control group. 
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Table 8.5: Statistics for Neuroticism variable for Control Group 
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Figure 8.5: Histogram of Neuroticism Distribution for Control Group 
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8.1.2 Summary Statistics of Observed Group 
The variables from the observed group were Extraversion, Conscientiousness, Openness, 
Agreeableness and Neuroticism.  The summary of statistics of theses variable are 
presented in Tables 8.6 to 8.10 and the histogram of the distributions are presented in 
Figures 8.6 to 8.10.  The subsequent section discussed the behaviour of each of the 
variables 
8.1.2.1 Extraversion 
From Table 8.6, the mean and the median and were reasonably close and this suggests 
that the distribution is symmetrical.  The values of the skewness and kurtosis were low 
thus bringing the distribution closer to normality.  The negative value of the skewness 
suggests that the variable was slightly shifted to the left of the centre of the symmetry and 
the data was slightly more at the left side.  However, the shift was not significant and the 
extraversion variable was therefore, assumed to have the properties of normality.  The 
histogram in figure 8.6 and table 8.6 presents the visual summary of the distribution of the 
extraversion and the summary statistics of variable respectively, for the observed group. 
 
Table 8.6: Statistics for Extraversion variable for Observed Group 
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Figure 8.6: Histogram of Extraversion Distribution for Observed Group 
 
8.1.2.2 Conscientiousness 
The closeness of the mean and the median from Table 8.7 suggest that the distribution 
was symmetrical.  The values of the skewness and kurtosis were low thus bringing the 
distribution closer to normality.  The negative value of the skewness suggests that the 
variable was slightly shifted to the left of the centre of the symmetry and the data was 
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slightly more at the left side of the symmetry.  However, the drift was not significant and the 
conscientiousness variable was therefore, assumed to have the properties of normality. 
 
The histogram in Figure 8.7 and Table 8.7 presents the visual summary of the distribution 
of the conscientiousness and the summary statistics of variable respectively, for the 
observed group. 
 
Table 8.7: Statistics for conscientiousness variable for Observed Group 
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Figure 8.7: Histogram of Conscientiousness Distribution (Observed Group) 
 
8.1.2.3 Openness 
The closeness of the mean and the median from Table 8.8 suggest that the distribution 
was symmetrical.  The negative values was an indication that the variable was slightly 
sifted to the left of the centre of the symmetry and the data was slightly more at the left 
side  The values of the skewness and kurtosis were low thus bringing the distribution 
closer to normality.  However, this was considered as not significant and therefore 
Openness variable was assumed to have the properties of normality. 
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The histogram in Figure 8.8 and Table 8.8 presents the visual summary of the distribution 
of the Openness and the summary statistics of variable respectively, for the observed 
group. 
 
Table 8.8: Statistics for Openness variable for Observed Group 
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Figure 8.8: Histogram of Openness Distribution for Observed Group 
 
8.1.2.4 Agreeableness 
The closeness of the mean and the median from Table 8.9 suggest a strong indication that 
the distribution was symmetrical.  The values of the skewness and kurtosis were low thus 
bringing the distribution closer to normality.  The negative value of the skewness suggests 
that the variable was slightly shifted to the left of the centre of the symmetry and the data 
was slightly more at the left side of the centre of the symmetry.  However, this was 
considered not significant and the Agreeableness variable was therefore assumed to have 
the properties of normality. 
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The histogram in Figure 8.9 and Table 8.9 presents the visual summary of the distribution 
of the Agreeableness and the summary statistics of variable respectively, for the observed 
group. 
 
 
Table 8.9: Statistics for Agreeableness variable for Observed Group 
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Figure 8.9: Histogram of Agreeableness Distribution for Observed Group 
 
8.1.2.5 Neuroticism 
 From Table 8.10, the mean and the median are reasonably close to each other.  This was 
the property of variable with normal distributions.  Therefore, the closeness of the mean 
and the median suggest that the distribution was symmetrical.  However, the negative 
values were an indication that the variable was slightly shifted to the left of the centre of the 
symmetry and the data were slightly more at the left side of the centre of the symmetry.  
The values of the skewness and kurtosis were low thus bringing the distribution closer to 
normality.  Therefore, the variable Neuroticism was considered to exhibit normality in its 
distribution. 
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The histogram in Figure 8.10 and Table 8.10 presents the visual summary of the 
distribution of the Neuroticism and the summary statistics of variable respectively, for the 
observed group. 
 
Table 8.10: Statistics for Neuroticism variable for Observed Group 
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Figure 8.10: Histogram of Neuroticism Distribution for Observed Group 
 
 
8.2 RESULTS OF ANALYSIS OF VARIANCE 
This research was an attempt to provide a context for understanding the preferred 
personality instrument and desirable estimator traits necessary for a reliable project 
estimates.  The purpose of this study was to demonstrate the value of knowing and 
understanding the personality traits of estimators and the traits‟ influence on the reliability 
of project estimates.  In addition, the study was to demonstrate the influence of 
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qualification and experienced on reliability of project estimates.  The study was also to 
ascertain the main traits that have significant influence on reliability of project estimates.  In 
so doing the study aimed to prove that traits have direct influence on reliability of project 
estimates. 
 
The results obtained from the analyses of the influence of qualification, experience and 
personality archetype on reliability are presented in the subsequent sections. 
 
8.2.1 Influence of Qualification on Reliability 
Table 8.11 show the results from the analyses of the data in Table 7.7 of Chapter 7 on 
qualifications of the estimators and Appendix F of standardised scores of the cost 
estimates prepared by the estimators. 
 
Table 8.11: Influence of Qualification on Reliability. 
 
 
The results in Table 8.11 show low F-statistics which was a strong indication for the 
rejection of the Null Hypothesis and the acceptance of the Alternate hypothesis.  There is 
therefore a strong relationship between qualification and reliability of project cost 
estimates. 
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8.2.2 Influence of Experience on Reliability 
The hypothesis for influence of experience on reliability was tested using ANOVA and the 
results are presented in Table 8.12.  Table 8.12 show the results from the analyses of the 
data in Table 7.7 on experience of the estimators and Appendix F of standardised scores 
of the cost estimates prepared by the estimators. 
 
 
Table 8.12: Influence of Experience on Reliability 
 
 
The results show a strong relationship between experience and reliability.  However, the F-
statistic of 4.757 for the intercept shows that experience at some point has no relationship 
with reliability.  The implications of the results are discussed in the next chapter. 
 
8.2.3 Influence of Personality Archetype on Reliability 
Personality traits namely Extraversion, Conscientiousness, Openness, Agreeableness and 
Neuroticism were analysed to ascertain their influence on reliability using One Way 
ANOVA statistical technique.  The personality archetypes of the estimators in Table 7.10 
and standardised scores of the cost estimates prepared by the estimators in Appendix F 
were used in the analyses.  The results obtained are presented in Table 8.13. 
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Table 8.13: Influence of Personality Archetype on Reliability 
 
 
The F-factor suggests a strong indication that the Null Hypothesis should be rejected and 
the Alternative Hypothesis that “there is systematic difference in reliability across various 
traits” should be accepted.   
 
As explained in chapter seven, the various personality traits do not correlate with each 
other.  This was due to the low value of Person‟s Coefficient of correlations presented in 
Table 7.8.  Therefore, the various traits do not relate to each other and thus the results are 
consistent with the behaviour of the trait variable on reliability. 
 
 
 
8.3 SUMMARY 
The results from the summary statistics using frequency on the personality traits suggest 
normality for all the traits in both control and observed group of estimators.  The variables 
therefore have characteristics that allowed them to be analysed using Analysis of Variance 
(ANOVA) to ascertain if there was correlation across the variables. 
 
The F-statistics obtained from the analysis to ascertain the influence of qualification on 
reliability proved that qualification is directly proportional to reliability.  The results of the 
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experience however does not show conclusive evidence that experience is directly 
proportional to reliability.  The F-statistics of the analysis of the personality archetype and 
reliability established that there is systematic difference in reliability across the various 
traits. 
 
The results of these analyses as well as their implications are discussed in the next 
Chapter. 
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CHAPTER NINE 
 
DISCUSSIONS 
 
9.0 OVERVIEW 
The aim of the study as stated in Chapter One was to present establish evidence that 
supports the assertion that personality traits influence reliability of project cost estimates.  
This chapter first discusses the findings from the trait analyses for transition of estimators 
from inexperience to experience.  The significance of the findings also evaluated. 
 
The chapter further provides a discussion of the results of the hypotheses tests on 
influence of qualification, experience and personality archetype on reliability of project cost 
estimates.  The implications of the various statistics generated from the one-way analysis 
of variance on estimating are given attention within the chapter. 
 
 
9.1 TRAIT TRANSITION 
The percentage change in transition from inexperienced to experienced estimator obtained 
from the results of the study were 525%, 33,75%, -12,83%, 10.47% and -0.64% for 
Extraversion, Agreeableness, Neuroticism, Openness and Conscientiousness respectively.  
The findings were significant in planning targeted training needs in addressing the 
shortcomings of inexperienced estimators.  The results indicate transition from 
inexperienced estimator to experienced estimator was more pronounced in Extraversion 
and Agreeableness traits than the other three.  The effect was highest on Extraversion 
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which was related to the estimator‟s level of consultation with other estimators and other 
professionals in the organisation and outside the organisation prior to making decisions, 
the level of agreement with comments on the work and the extent to which the individual 
estimator relies on owns ideas in making informed decision when estimating.  The next 
influential trait for transition to experienced estimator was Agreeableness.  This was also 
related to the ability of the estimator in tolerating criticism, and the extent to which the 
estimator consult views from others before making informed decisions in estimating among 
others. 
 
The results have shown that the change from inexperienced to experienced estimator for 
Conscientiousness trait was very minimal.  This was attributed to the fact that estimators 
are mindful of the public perception as demanded by the ethics of the profession.  Also 
estimating is very critical work and estimators spend much time in analysing information 
prior to making informed decisions.  These are attributes of estimators and therefore do not 
differ significantly between inexperienced and experienced estimators.  This explained the 
low percentage figure obtained from the result for the transition in the conscientiousness 
trait.  The results were thus consistent with previous studies on the classification of traits 
as common and unique traits (Cattell, 1965).  The findings appear to suggest that the 
Conscientiousness trait is common to all estimators and the other traits are unique 
according to trait classification by Cattell (1965).  Training targeted at estimators that make 
decisions without any factual basis, preference of the type of procedure in estimating other 
than the organisation‟s procedure and unreasonably long time in analysing information are 
identified to be negative in openness trait. 
 
In Ghana, contingency sums on project cost estimates are normally set at 15%.  Taking 
the level of contingency as the yardstick of the reliability, then deviations below 15% are 
considered as not responsive in the study.  However, this should not be generalised since 
the contingency sum on projects in itself is dependent on the decision-making orientations 
of the estimator.  It is therefore, advised that Openness and Neuroticism traits should also 
be given the necessary attention in transition from inexperienced to experience estimator.  
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9.2 INFLUENCE OF QUALIFICATION ON RELIABILITY 
The F-statistic of the model, intercept and qualification were 0.725, 0.395 and 0.725 
respectively.  The low values of the F-statistic indicate a strong relationship between 
qualification and reliability.  The implications are that the more the estimator‟s qualification 
the better the reliability of the cost estimates generated by that estimators.  Therefore, 
qualification is directly proportional to reliability. 
 
The review identified high workload to estimators in the road sector of Ghana due to 
inadequate number of estimators against the number of projects for which cost estimates 
are required.  This situation is the same in most developing economies.  This is against the 
backdrop of pressures from superiors for project cost estimates to be prepared within short 
period.  The review identified that to become an estimator; one requires completing 
programs in estimating from tertiary institutions such as Universities and Polytechnics.  
The number of these institutions offering estimating programs is however few in Ghana.   
 
To address the problem of lack of estimators requires a shift in the policies of the 
government in the educational sector with more emphasis on programs offering estimating 
modules.  Furthermore, there is urgent need to increase the number of tertiary institutions 
that offer estimating programs.  These are however, policy issues that are within the 
control of the government.  However, the researcher could influence the implementation by 
explaining the benefits that would be derived from the programme if it is implemented to 
the government officials.  Also, the researcher could use the media to propagate the 
benefits and the urgent need for the policy shift towards increasing number of tertiary 
institutions that offer estimating programs. 
 
The results also indicate that the more qualification the better reliability.  These brought to 
fore the issue of further studies in estimating programs.  In Ghana, the highest level offered 
in the tertiary institutions is Bachelor of Science level.  This could be addressed in two (2) 
fold.  The first is to address the problem in the short term and in the long term.  For the 
short term, the researcher advocated for the involvement of the private sector.  The private 
sector could sponsor estimators for their masters‟ degrees at Universities abroad that 
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offers master programmes in estimating and related programs.  The amount spend on the 
estimator will become tax rebate for the private company.  On the long term however, the 
issue of increasing the qualification level of estimators as exhibited in the results of the 
study has to involve government in reviewing its policies on tertiary education.  In this 
regard, government has to initiate policies towards establishing master‟s degree programs 
in the country‟s universities in estimating and related programs. 
 
The discussions on the results were issues that the developed economies have 
appreciable improved upon over the years.  However, the results proved that the more the 
estimator‟s qualifications the better the reliability.  It will therefore be important for 
developed economies to entreat their estimators for further causes since adequate number 
of tertiary institutions that offer masters and other higher degree programs in estimating 
and related subjects are already available.  In this regard, developed economies could 
initiate programs towards carrier development in the organizations.  The method of 
addressing the revelations from the findings therefore, might differ between developed and 
developing economies.  The findings also provide an indication that training development 
produces value in terms of reliability of estimates and therefore, should form part of the 
policies for organizations and the national government. 
 
The findings therefore justify the acceptance of the proposition on the influence of 
personality archetypes on reliability.  This is because the source of the data used in the 
analysis was the same for the analysis of personality traits on reliability.  The justification of 
the results of qualification on reliability is a further confirmation of the results in the analysis 
of influence of personality archetypes on reliability. 
 
 
9.3 INFLUENCE OF EXPERIENCE ON RELIABILITY 
The results from the analysis of influence of experience on reliability showed two (2) stets 
of results.  The first set of results show the same F-statistics of 0.763 for experience and 
the model.  The low value of the F-statistics is an indication of a strong relationship 
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between experience and reliability.  It could be deduced from the F-statistics that the more 
experience the more reliability.  However, this deduction from the results could not be 
generalized that experience is directly proportional to reliability as in the case of 
qualification. 
 
The results showed F-statistics of 4.757 for the intercept.  The meaning of this is that the 
model has been shifted to the lower values at the intercept.  The high F-statistics therefore 
indicate that after the point of interception the relationship between experience and 
reliability alters. 
 
The literature review identified experience in the field of estimating as factors that influence 
reliability. The effect of knowledge of estimators in the area in which estimates are 
prepared is a prerequisite for a reliable estimate.  Literature review also revealed that 
unreliable estimates are the results of estimators estimating in an area where the they 
have little knowledge.  The estimator must have adequate knowledge in order to be able to 
interpret the design drawings and the related project information.  Again, estimating 
involves making decisions on a number of issues on the project.  The judgement of the 
estimator in such situations depends on the amount of knowledge the estimator has 
acquired from projects of similar nature and complexities.  The first set of the results of F-
statistic 0.763 is thus consistent with the review that the more experience the better the 
reliability. 
 
In recent times, there have come estimating models such as Building Information Model 
(BIM) that estimates project cost faster than the traditional human generated estimates.  
However, the performance of the model is dependent on the estimator‟s knowledge in 
providing the right input information into the model, and also adequate experience in the 
running of the model to generate the expected results.  Again, the review is consistent with 
the low F-statistics of 0.763 observed from the analysis. 
Contingency allowances are established in order to compensate for the unfavourable that 
causes unreliable project estimates.  The use of contingency in construction provides a 
clear and tacit acknowledgement of the perennial problem of unreliable project estimates.  
In particular, while the establishment of budget estimates for projects is often conducted 
 264 
from first principles, the allocation of contingency to account for possible cost reliability is 
either a lump sum or a simple percentage.  The review identified that the amount provided 
for contingency sums in project estimates is dependent on the experience of the estimator, 
and the individual estimators‟ behavioural characteristics in decision making orientations.  
Therefore from the first set of result of F-statistic 0.763, the more experience the more 
reliable the amount provided for contingency in project estimates and thus the more 
reliable the estimates. 
 
The result is therefore consistent with the observations of factors that influence reliability in 
terms of experience from the literature review.  In view of the revelations from the results 
that experience is directly proportional to reliability, adequate measures have to be put in 
place to increase the number of experience estimators and also to increase the experience 
level of estimators.  This can be done through exposures to complex construction sites and 
through training.  Training can be done within the organisation or abroad.  These measures 
to address the problems associated with experience on reliability are within the control of 
the organisations. 
 
However, experience could be acquired that is not related to the estimating know-how.  In 
this case, the experience could be high but the reliability will be low.  In other words, 
experience is inversely proportional to reliability in this case.  This accounted for the high 
F-statistics of 4.757 observed in the analysis.  The conclusion from the high F-statistics is 
that experience could be accumulation of wrong practices.  The finding is very important to 
the researcher because interactions with some number of estimators showed that they 
acquired considerable number of years of experience but this does not reflect in their 
output of work.  The implications are that such an estimator will continue imparting wrong 
practices to adversely influence young estimators and perpetuate the cycle of negative 
practice.  In addressing this problem, urgent and frequent refresher courses in estimating 
should be organised for all experience estimators.  Also, it will be appropriate to sponsor 
experienced estimators for short courses abroad to introduce them to technological 
advancement and best practices in estimating.  This will influence positively their 
experience in estimating, and contribute to their attainment of improved reliability. 
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9.4 INFLUENCE OF PERSONALITY ARCHETYPE ON 
RELIABILITY 
 
The analysis of the research data compared to the principal objectives of the study 
provided significant proof that personality traits of estimators influence the decisions that 
estimators make in the performance of their roles in estimating.  The F-factors from the 
ANOVA results provided strong justification for the rejection of the Null Hypothesis that 
“there is no systematic difference in the reliability across the various traits” and the 
acceptance of the Alternate Hypothesis that “there is systematic difference in the reliability 
across the various traits”.  The results therefore showed traits influence the individual 
estimators differently.  This is therefore, a strong evidence that trait has an influence on the 
reliability of estimates.  The results also show strong evidence that error in variations are 
unequal.  If they are unequal, then the individual estimator‟s trait in personality has an 
influence in the ability to estimate.  How much the influence is should become the subject 
of further research. 
 
It is critical for the success of any organisation that the employees enjoy what they do in 
their various organisations.  This specific philosophy was supported by a comprehensive 
study by Eysenck and Eysenck that was published in 1985.  In that study, Eysenck and 
Eysenck (1985) concluded that there are some specific occupations where the relevance 
of personality is very significant.  In estimating profession the employees have little control 
on the decisions that estimators make in estimating.  It is therefore important that in such 
professions, the individual personality archetype of the estimator meets the constraints of 
the job.  It will therefore be of high interest that this specific research on estimators 
combined with the findings of the study could be use as the basis of developing targeted 
training programs towards achieving the desired reliability in project estimates.  The 
implications of this research will therefore be beneficial to the construction industry as a 
whole and the road sector in particular. 
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This calls for short and long term measures to address the problem.  The statistical 
analyses results on ANOVA are a strong indication that each individual is unique in 
personality traits. Therefore the training to be design to address this problem must not be 
on adhoc basis but must be tailored towards each estimator‟s need.  This is where the 
research personality instrument for personality test could be used to first classify the 
estimators and targeted training programs organised accordingly in line with the needs 
identified from the test. 
 
The long-term measures are beyond the control of the researcher.  This will involve 
restructuring government‟s policies and programs on the education sector.  Earlier section 
in this chapter discussed some of the measures to address the problem of inadequate 
number of experienced estimators in Ghana.  In addition, government could offer 
incentives for people enrolled in the estimating programs.  These incentives could be in a 
form of guaranteed employment after the program or subsidising the fee for students 
enrolled for estimating programs or granting scholarships to people enrolled for estimating 
programs.  These measures in addition to those contained in the earlier sections of this 
chapter will induce interest of the youth in enrolment in to estimating programs.  If this is 
accepted and implemented by the government, then the number of estimators will increase 
thus eliminating the stressors identified in the literature review among others that influence 
reliability of project cost estimates.  The long term program is expected to spread over a 
period of ten years. 
 
Although the government has the influence on this long term measures, the ministers 
responsible for education and the construction related sectors of any economy could be 
contacted and the benefits of the program explained to them.  The benefits will include but 
not limited to producing of reliable estimates on projects, project budget at initiation 
compares reasonably with the final cost at completion thus abandonment of project due to 
shortage of funds experienced currently will be eliminated.  Other benefits include the 
following points.  The policies and programmes of the government will not be disrupted by 
the perennial reallocation of funds from other sectors of the economy for the completion of 
projects as is done currently.  Equally, donor funded projects that operate on tight funding 
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could now be completed without extra funding from the government as is currently 
experienced on most projects as the benefits to be derived if the program is implemented. 
 
On the private sector, aggressive education would have to commence immediately to 
explain the need and benefits that would be achieved if the individual contractors in 
developing economies commence the preparation of their own cost data.  This in addition 
with organisation of workshops to explain the interpretation of the cost data will minimise 
the unreliable cost estimates on construction projects in developing economies.  The 
problem of cost data is already addressed in the developed economy.  The literature 
review has revealed that in UK for example, Code of Estimating Practice issued by 
Chartered Institute of Building (CIOB) documents all the estimating functions.  Those 
functions that have to be followed in estimating, and those that have to be followed by 
other departments of the construction company are well documented.  This therefore 
facilitates contractor‟s estimating practices in UK.  On the other hand, there is no guide to 
be followed by contractors in Ghana and most developing economies.  In addition, the 
review identified cost data that is being used in Ghana was prepared in 1975.  This again 
needs to be address in both the short and long term.  As the result of the revelation from 
the literature review on the unreliable cost data being used in Ghana, the researcher has 
already commenced a program towards preparing a new cost data.  In this regards the 
researcher explained the benefits to the Minister responsible of Roads and Highways in 
Ghana and the urgent need to update the cost data through work study.  Due to the 
acceptance of the explanation, two workshops were held already to make awareness to 
estimators and other professionals to be use for the study.  Also explained at the workshop 
was how the study is to be conducted with regard to timing of various activities.  This is 
where the personality trait of the individual plays a major role in the reliability of the data.  
The decision point in such studies is the time to decide to start the timing.  The findings 
from the study are very significant for reasons that it is now known that the traits of the 
individual timers differ and are not related to each other.  Again the findings from the 
research has revealed that realisation of the reliability of the work study will heavily depend 
on the behavioural characteristics of the individual time keepers in decision making 
orientations.  The lessons leant from the findings of the research will be applied in the work 
study to develop new cost data for the construction sector in Ghana. 
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In the short-term, research personality instrument for personality testing has to be 
performed on all estimators with the aim of identifying their training needs.  This is very 
important from the results of the research which showed that the training needs of 
individual estimators are directly related to that estimator‟s personality trait.  A 
comprehensive targeted training program will then be drawn and discussed with 
management for implementation.  The benefits to the organisation will be shown as the 
basis of investing in the training program.  Two types of training will be organised.  These 
are on the job training and training through workshops.  The type of training suitable for 
any estimator will be determined from the personality instrument on that particular 
individual.  Appropriate training program could then be drawn, that is tailored to address 
the shortfalls identified in the estimators from the results obtained through the personality 
instrument.  The short term programme is expected to spread over a period of two years  
 
 
9.4 SUMMARY 
In summary, the research primarily focused on the influence of personality traits on project 
estimate reliability.  The chapter discussed the factors that influence reliability of project 
estimates as external and internal.  The measures to address the influence of external 
factors on reliability desired in construction were discussed. 
 
The findings on influence of qualification on reliability suggest a strong relationship 
between qualification and reliability.  The implications are that the more qualification the 
more reliability.  On the other hand, there is no conclusive evidence that the more 
experience the more reliability.  This could be attributed to the fact that estimators might 
gain considerable experience but in the wrong estimating practices.  The findings on the 
influence of personality archetype on reliability proved a strong justification for the rejection 
of the Null Hypothesis that “there is no systematic difference in the reliability across the 
various traits” and the acceptance of the Alternate Hypothesis that “there is systematic 
difference in the reliability across the various traits”.  The findings therefore showed traits 
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influence the individual estimators differently.  How much the influence is can become the 
subject of further research. 
 
There is therefore a strong evidence that trait has an influence on the reliability of 
estimates and hence established the fact that error in variations are unequal which is 
attributed to the differences in the individual estimator‟s trait.  The chapter also discussed 
the changes in trait in transition from inexperienced to experienced estimators.  The 
findings revealed that extraversion accounted for the highest change followed by 
agreeableness.  The least was conscientiousness and the reasons attributed for this was 
discussed in the chapter. 
 
The significance of the research in terms of measures to bring the inexperienced 
estimators towards the level of experienced estimators was discussed in this chapter.  
Long-term and short-term measures were discussed in this chapter aimed at addressing 
the influence of trait on reliability of project cost estimates.  The long term measures 
however required a shift in the government‟s policy on education which is beyond the 
control of the researcher.  The researcher‟s role in advocating for the change was 
discussed in this chapter. 
 
The significance of the findings of the research to both the public and the private sector 
were discussed.  The conclusions and recommendations from the research are discussed 
in the next chapter.  
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CHAPTER TEN 
 
CONCLUSIONS AND RECOMMENDATIONS 
 
10.0 OVERVIEW 
This chapter presents the conclusions and the recommendations that are drawn from the 
research.  The chapter commences with a brief discussion on the justification for the 
research.  It then progresses on to the aims and objectives of the study and how the 
results from the research address these aims and objectives.  The chapter further provides 
the wider application of the results of the study to practitioners in the construction industry 
and also its significant to the programs and policies of governments.  The wider benefits of 
the results of the study to the wider community were presented in this chapter.  The 
chapter made recommendations for the full realisation of the benefits from the study.  The 
chapter concluded by stating further research works on the subject matter. 
 
10.1 CONCLUSION 
This research was an attempt to provide a context for appreciating and understanding the 
personality traits and desirable estimator behaviours essential for reliability of project cost 
estimates.  The aim of the research was formulated to provide answers to the research 
questions in Section 1.1 of chapter 1 as follows: 
 
i. What are the theories and practices of estimating that account for the trend of 
unreliable project cost estimates? 
ii. What are the estimating practices and constraints that inhibit the desired reliability 
in project cost estimates in Ghana? 
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iii. What are the internal factors that influence reliability and how are they measured? 
iv. Does the individual estimator‟s personality attributes have an influence on reliability 
of project cost estimates? 
v. Are there other estimator attributes that influence reliability of project estimates? 
 
In finding answers to the research questions, specific objectives were set out in Section 1.2 
of chapter 1 as follows: 
 
i. Conducting a comprehensive review of literature to establish the state-of-the-art on 
estimating theories and  practices  
ii. Accomplishing a wide-ranging review of estimating practices for the study 
environment along with the constraints that attend to those practices  
iii. Completing a thorough assessment of personality attributes along with the tools, 
systems and developments that have transpired in other fields of study, with the 
hope of identifying appropriate methods and tolls for addressing the internal factors 
associated with estimators. 
iv. To establish whether estimator experience and qualification have an influence on 
the reliability of project estimates. 
v. To investigate whether personality archetypes have different reliability attainments 
for estimators 
 
The specific tasks performed in achieving the objectives set out have been discussed in 
the subsequent sections. 
 
Objective 1: Conduct a comprehensive review of literature to establish the state-of-
the-art on estimating theories and practices  
 
Estimating practice is in transition.  Especially changes from parametric source to 
computerisation.  This transition has brought about improvement in estimating but not 
necessary reliable hence the existence of unreliable project budget and cost. 
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Much of the improvement in estimating effort has drawn on factors that are exogenous to 
the estimator.  The conditions of achieving improvement in those types of factors are well 
known and documented. 
 
More recent developments such as Building Information Model (BIM) and parametric 
influences estimating improvement for generating of more accurate estimate but not 
necessary reliable. 
 
Objective 2: Accomplishing a wide-ranging review of estimating practices for the 
study environment along with the constraints that attend to those practices  
 
Estimating practice in the road sector of Ghana is elementary.  Thus the practice is quite 
basic with little reliance on many of the available facilities to support the establishment of 
cost and budget such as the use of IT software packages.  Much of the estimating work is 
therefore dependent on the input from the estimator. 
 
Cost data availability and reliability is a major constraint in the road sector of Ghana.  The 
quantity standards prepared in 1975 are still being used in Ghana despite the technological 
advancement in the construction equipments.   
 
There is high workload to experienced estimators ratio in Ghana.  The road sector is 
experiencing inadequate number and calibre of experienced estimators.  Estimators 
therefore do not have sufficient time in analysing project information before making 
decisions.  Pressures are sometime mounted on estimators to produce project cost 
estimates within a limited time against the backdrop of estimating in the road sector from 
the “first principle.  Projects are implemented without strict adherence to procurement plan. 
 
Objective 3: Completing a thorough assessment of personality attributes along with 
the tools, systems and developments that have transpired in other fields of study, 
with the hope of identifying appropriate methods and tolls for addressing the 
internal factors associated with estimators 
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Theories on the uniqueness of personality traits to each individual were reviewed.  These 
theories became the pivot upon which the research topic was formulated.  The use of 
personality in various areas of work placement was discussed.   
 
The review discussed the different tools for measuring personality archetypes.  The 
discussions have informed the researcher in the design of the appropriate personality 
measurement tool for the research.  Various self-reporting tools were reviewed and 
questionnaire form was adopted for elicitation of data for the research. 
 
The review demonstrated of different personality types of general population.  Evidence 
provided elsewhere indicates that different personality archetypes have influence on work 
performance and more significantly, with appropriate conditioning, there can be shift in 
personality orientations to accommodate the nature and demand of work. 
 
Objective 4: To establish whether estimator experience and qualification have an 
influence on the reliability of project estimates  
 
i. QUALIFICATION 
The test of the influence of qualification on reliability was to provide justifications for the 
results of the trait influence on reliability.  This is because from a logical stance it can be 
argued that the more qualified an estimator is; the better will be their performance.  The 
study established that there was no sufficient ground to rule out formal qualification as an 
influencing factor in achieving estimating reliability. 
 
ii. EXPERIENCE 
There is no conclusive evidence that the more experience you gain the more reliability.  
This is consistent to the fact that the type of experience you acquired must be relevant to 
estimating practice before it can influence reliability variance. 
 
Objective 5: To investigate whether personality archetypes have different reliability 
attainments for estimators 
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There is evidence to suggest that estimator‟s personality archetypes influence their 
estimating reliability.  This particular finding goes to explain why different estimators with 
similar experience and qualification exposed to the same set of information deliver different 
levels of reliabilities of estimates and probable account for the “missing link” in estimating. 
 
The research was aimed at exploring the influence of individual estimator‟s personality 
traits on reliability of project cost estimates.  The results of the research have proven that 
there is systematic difference in reliability across the various traits.  The research has also 
proved that the transition of inexperience estimators to experienced estimators were not 
the same across the various traits.  The change from inexperienced to experience was 
more pronounced in extraversion and agreeableness traits than in openness and 
neuroticism trait with the minimum change in conscientiousness trait. 
 
 
10.2 RECOMMENDATION 
Data suggest that there is need of value to be gained to develop estimators to a high level 
particularly a place like Ghana.  The practical applications of the findings from the study to 
government and practitioners in the construction industry for the achievement of the 
desired reliability in project cost estimate in Ghana are discussed as follows: 
 
1. Actions to be taken by Government. 
The number and calibre of estimators is lacking in Ghana.  In the short term, the 
Government to have continues carrier development programs for estimators.  This could 
be done by sponsoring estimators to abroad for causes in technological advancement in 
estimating practices.  Thus, updating estimating knowledge with best practices would be a 
useful step. 
 
For the long term, Government should aim at increasing number of estimators in Ghana.  
Government can implement this program in two ways.  First, it will involve a change in 
Government‟s policies on education.  This requires introducing estimating programs in 
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most of the country‟s tertiary institutions.  The next is the review of the estimating modules 
in the tertiary institutions to conform to recent best practices.  Government should ensure 
that both industry and academic are involve for the design of the new modules for 
estimating programs.  In this way, the modules will address practical problems in 
estimating practice in Ghana for the desired reliability. 
 
The Government should provide some incentive to generate the interest of the youth to 
enrol for the estimating programs.  The incentives could be in any or all the forms listed 
below: 
 
a. Provision of subsidy on tuition fees, 
b. Provision of  full scholarship 
c. Invite private companies to sponsor students and the cost rebate from the 
companies tax returns, and 
d. Guarantee employment after completion of estimating programs. 
 
Government should review the guidelines on appointment and promotions in the Ghana 
Civil and Public Service, to include the post for Director of Training (Estimating).  The new 
establish post will thus become fully responsible for only training for estimators whiles the 
already established post of training officers continue training staff in others areas.  This will 
enhance the organisations roles towards achieving reliable estimates in Ghana. 
 
Advancement in technology requires constant research into new ways of doing things 
aimed at continues improvement.  In this regard, Government should provide resources to 
enable academic conduct researches in estimating procedures and processes towards the 
desired reliability in project cost estimate. 
 
2. Actions to be taken by public and private employers 
The private sector has to invest in improving estimating practices in Ghana.  The private 
sector should provide funding for research to be conducted in estimating procedures and 
processes.  Private sector should also sponsor students in estimating programs in the 
country‟s tertiary institutions and abroad for further studies and the cost rebated from the 
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company‟s tax returns as an incentive to the private sector.  The private sector should also 
develop and implement continues carrier development programs for their estimators.  
However, personality measuring tool must be use to determine training needs for the 
estimators. 
 
The organisations in the public sector should developed comprehensive continues carrier 
development programs.  The training program must be based on the needs assessment 
from personality measurement tool test.  The public sector should make provisions in their 
budgets for training in estimating programs both locally and abroad depending on the 
training need for each individual estimator identified from the personality text.  In addition, 
the public sector must also implement on-the-job training for targeted estimators. The 
training should be based on the needs assessments obtain from the personality test.  The 
public sector will do well to have programs that will enable estimators to develop their full 
potentials if the benefits of having estimators are to be gained. 
 
3. Development of Cost Information 
Cost information is inadequate in Ghana.  As the result of the review, the researcher has 
already commenced programs towards producing quantity standards from work study.  
There is therefore the urgent need to continue with this program for the realisation of 
reliable and adequate cost information in Ghana similar to Building Cost Information 
Services (BCIS) and Spon‟s Price Books among others.  Government and private sector 
should provide funding for the development of the cost information in Ghana.  Public sector 
organisations must drive the development of the cost information.   
 
 
10.3 LIMITATIONS OF THE STUDY 
Data for the research was obtained from Ghana, a developing economy.  The review has 
brought to fore differences in the environmental factors such as inflation, method and 
processes from developing economy and developed economy.  These factors influence 
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estimating reliability differently in both economies.  Therefore the findings of this research 
are limited to countries that share the same economy like Ghana. 
 
 
10.4 SUGGESTIONS FOR FURTHER RESEARCH 
The study which formed the basis of this thesis has unearthed important developments 
that can influence the level of reliability which estimators can achieve.  To bring the 
benefits of attaining such reliability, it would be useful to address the following aspects of 
research. 
 
1. The level of reliability of project estimates for various categories of qualification.  
This will enable estimating task to be given based on the ability to perform that task 
for the desired reliability in project estimates. 
2. The point at which experience becomes inversely proportional to reliability.  It will 
be appropriate to identify this point in order to prepare carrier development policies 
that will ensure that estimators experience are proportional to reliability. 
3. To develop the magnitude of the influence for different personality archetypes so 
that it serves as a moderating factor for checking estimates produce by different 
staff.  This is necessary since the study has established strong evidence that 
personality archetypes of individual estimators influence reliability. 
4. To replicate the study to see the interaction between estimating reliability and 
personality archetypes in other economic environments.  This is necessary since 
data for the research was obtained from Ghana, a developing economy. 
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APPENDIX B 
OBSERVED GROUP QUESTIONNAIR 
 
Section A Personal and Organisational Details
CTC HND BSc PG Dip M Sc
Please indicate your working experience (years ) 0-2 3-4 5-6 7-10 >10
State the name of your current employer
How long have you been with your current employer (years ) 0-2 3-4 5-6 7-10 >10
What is your current position with your present employer Tech Off. Ass. QS QS Snr QS ≥Prin QS
Other
How long have you been in this position (years ) 0-2 3-4 5-6 7-10 >10
What was your previous position Tech Off. Ass. QS QS Snr QS ≥Prin QS
Other
Please indicate which of the following typify your current job role Valuation Estimating Admin Work Advisory Document
Other
On average, how may projects do you estimate per annum 0 - 5 6 - 10 11 - 15 16 - 20 >20
0-20 20-50 50-100 100-500 5˃00
Section B Influences on estmating ability
Never
Only when 
required
Sometimes Often Always
In generating an estimate: 0% 25% 50% 75% 100%
X
X
X
X
X
0 5 0 0 0
X
X
X
X
X
1 1 2 1 0
X
X
X
X
X
0 4 0 1 0
What is your educational qualification
M INSTRY OF ROADS AND HIGHWAYS/ DEPT. OF FEEDER ROADS
ASSISTANT ENGINEER
ASSISTANT ENGINEER
PROJECTION SUPERVISION AND M ONITORING
Research on Achieving Reliable Estimates 
ESTIMATOR EVALUATION INSTRUMENT
This instrument is aimed at collecting basic information on the factors that influence the reliability of estimates produced by practitioners.  
It forms part of a research study directed at exploring how  project cost estimates can be improved.
The completion of the instrument is not a test, and there are no right or w rong answ ers.
Please complete all sections of the instrument.  
Please state your full name 1
I discuss with others who is prepared to listen
I work on the priniciple of 'the end justifies the means'
I do not consider what the public expects from my work
I confront others who criticise my work
I analyse documents very quickly
State the value of the largest project you prepared an estimate for 
(NB: Cost in GHC 10000.00 )
The follow ing questions explore w hich factors influence your estimating proficiency and the extent to w hich such influence exists
Please indicate for each question the degree to which it reflects your estimating practice
I consult other estimators in my organisation
I consult engineers in my organisation
I seek approval for my estimate from my peers and superiors
I consult other estimators outside my organisation
I make decision very quickly
I feel a lot of tension during the whole task
I am sensitive to comments on my estimates
I feel nervous when my work is being reviewed
I change decisions when others criticise my work
I change my decisions when my peers comment on my work
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Section B Influences on estmating ability (continued)
Never
Only when 
required
Sometimes Often Always
In generating an estimate: 0% 25% 50% 75% 100%
X
X
X
X
X
0 4 1 0 0
X
X
X
X
X
0 2 2 0 1
X
X
X
X
X
0 2 1 2 0
X
X
X
X
X
0 2 0 3 0
X
X
X
X
X
0 0 0 4 1
X
X
X
X
X
0 0 0 3 2
X
X
X
X
X
0 0 0 5 0
Additional Comments and Suggestions
Participate in Feedback Session Yes No
Please return your completed instrument to: Charles Afetornu
Department of Civil and Building Engineering, Loughborough University
Loughborough, Leicestershire, LE11 3TU, United Kingdom
Thank you for your help
I consider the output of my work to be superior to that of others
I have an obdurate character
I disagree with any negative comments on my work
I consider myself unyielding to suggestions from others
I take at face value any available information
I rely only on my thoughts in making decisions
I am happy to listen to views from my peers
I base my decisions on what I feel at the time
I accept unproven new ideas in preparing my estimate
I change my decisions everytime a different option is presented
I look for new ways of performing the same task
I make all decisions by myself with no input from engineers
I make all decisions by myself with no input from other estimators
I see myself as the approving person
I keep at a task until it is completed
I take time to analyse all available project information
I prefer detailed costing as against PC sums for M&E
I am mindful of what the public expects of me
I consider the work as confidential to others in my organisation
I consider the work as confidential to others outside my organisation
I am happy to agree with the view of others on my work
I tolerate criticism of my work
I am always ready for a new assignment
I lend support to the work of my subordinates
I share any new insights and knowledge I gain with peers
I am calm in making key decisions
I am definitive on any decision I make
I am unperturbed by comments from others on my work
I consider myself to be able to work well under pressure
I defend my decisions against negative comments from others
I prefer the established procedure to a proposed new one
I consider the outcome to be more important than the procedure
Advent of new and proven methods do not sway my decisions
I arrive at a decision only after considering all available evidences
I base my decisions on proven and justifiable evidence
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APPENDIX C 
CONTROL GROUP QUESTIONNAIR 
 
 
Section A Personal and Organisational Details
CTC HND BSc PG Dip M Sc
Please indicate your working experience (years ) 0-2 3-4 5-6 7-10 >10
State the name of your current employer
How long have you been with your current employer (years ) 0-2 3-4 5-6 7-10 >10
What is your current position with your present employer Tech Off. Ass. QS QS Snr QS ≥Prin QS
Other
How long have you been in this position (years ) 0-2 3-4 5-6 7-10 >10
What was your previous position Tech Off. Ass. QS QS Snr QS ≥Prin QS
Other
Please indicate which of the following typify your current job role Valuation Estimating Admin Work Advisory Document
Other
On average, how may projects do you estimate per annum 0 - 5 6 - 10 11 - 15 16 - 20 >20
0-20 20-50 50-100 100-500 5˃00
Section B Influences on estmating ability
Never
Only when 
required
Sometimes Often Always
In generating an estimate: 0% 25% 50% 75% 100%
X
X
X
X
X
0 1 1 3 0
X
X
X
X
X
0 1 0 3 1
X
X
X
X
X
1 3 0 1 0
State the value of the largest project you prepared an estimate for 
(NB: Cost in GHC 10000.00 )
Research on Achieving Reliable Estimates 
ESTIMATOR EVALUATION INSTRUMENT
This instrument is aimed at collecting basic information on the factors that influence the reliability of estimates produced by practitioners.  
It forms part of a research study directed at exploring how  project cost estimates can be improved.
The completion of the instrument is not a test, and there are no right or w rong answ ers.
Please complete all sections of the instrument.  
Please state your full name 1
What is your educational qualification
DEPARTM ENT OF URBAN ROADS
I make decision very quickly
The follow ing questions explore w hich factors influence your estimating proficiency and the extent to w hich such influence exists
Please indicate for each question the degree to which it reflects your estimating practice
I consult other estimators in my organisation
I consult engineers in my organisation
I seek approval for my estimate from my peers and superiors
I consult other estimators outside my organisation
I discuss with others who is prepared to listen
I work on the priniciple of 'the end justifies the means'
I do not consider what the public expects from my work
I confront others who criticise my work
I analyse documents very quickly
I feel a lot of tension during the whole task
I am sensitive to comments on my estimates
I feel nervous when my work is being reviewed
I change decisions when others criticise my work
I change my decisions when my peers comment on my work
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Section B Influences on estmating ability (continued)
Never
Only when 
required
Sometimes Often Always
In generating an estimate: 0% 25% 50% 75% 100%
X
X
X
X
X
2 3 0 0 0
X
X
X
X
X
2 2 0 0 1
X
X
X
X
X
4 1 0 0 0
X
X
X
X
X
0 0 0 0 5
X
X
X
X
X
0 1 0 2 2
X
X
X
X
X
0 0 0 3 2
X
X
X
X
0 2 0 0 2
Additional Comments and Suggestions
Participate in Feedback Session Yes No
Please return your completed instrument to: Charles Afetornu
Department of Civil and Building Engineering, Loughborough University
Loughborough, Leicestershire, LE11 3TU, United Kingdom
Thank you for your help
I base my decisions on what I feel at the time
I rely only on my thoughts in making decisions
I consider the output of my work to be superior to that of others
I have an obdurate character
I disagree with any negative comments on my work
I consider myself unyielding to suggestions from others
I take at face value any available information
I lend support to the work of my subordinates
I accept unproven new ideas in preparing my estimate
I change my decisions everytime a different option is presented
I look for new ways of performing the same task
I make all decisions by myself with no input from engineers
I make all decisions by myself with no input from other estimators
I see myself as the approving person
I consider the work as confidential to others in my organisation
I consider the work as confidential to others outside my organisation
I am happy to agree with the view of others on my work
I tolerate criticism of my work
I am happy to listen to views from my peers
I base my decisions on proven and justifiable evidence
I share any new insights and knowledge I gain with peers
I am calm in making key decisions
I am definitive on any decision I make
I am unperturbed by comments from others on my work
I consider myself to be able to work well under pressure
I defend my decisions against negative comments from others
I keep at a task until it is completed
Advent of new and proven methods do not sway my decisions
I arrive at a decision only after considering all available evidences
I take time to analyse all available project information
I prefer detailed costing as against PC sums for M&E
I am mindful of what the public expects of me
I am always ready for a new assignment
I prefer the established procedure to a proposed new one
I consider the outcome to be more important than the procedure
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APPENDIX D 
 
SAMPLE ESTIMATING TASK 
 
Materials
Sand cu.m 15.00 0.48
Cement bag of 50kg 12.00 6.5
Equipment
Small Tools
Labour
* Assume Multiplying Factor for all provisions in Labour Act, Act 652 for ALL-IN-
RATE
Resource Unit Unit Price
Resource 
Qty.
*0.6 = Basic wage
Assume % 
for waste
Total  
Qty.
TOTAL 
COST 
Haulage of 
Cement
bag of 50kg 
per Km 0.20 1
ESTIMATING COST OF ONE METRE STREACH OF PROPOSED SPEED RAMP 
ESTIMATING TASK
RESOURCE DETAILS
14/10 Conc. 
Mixer Equip-hr 10 1.3
20mm Course 
Aggregates
3.5
Assume lump sum
cu.m 200.00 0.76
Materials Cost to Summary
Equipment/ Small tools Cost to Summary
 Labour Cost to Summary
SUMMARY
Material Cost
Equipment/ Small tools Cost to Summary
Labour Man-hr
*0.6x Mult. 
Factor
 Labour Cost to Summary
Add Assumed % on A for overheads
Sub-Total (B)
Add. Assume % on B for profit 
GRAND TOTAL: ESTIMATED COST 
Sub-Total (A)
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COST ESTIMATES 
Estimator Estimated Cost (GHS) Estimator Estimated Cost (GHS) 
1 339.16 32 434.08 
2 357.55 33 378.10 
3 359.48 34 297.50 
4 331.69 35 373.43 
5 347.67 36 377.24 
6 362.66 37 555.61 
7 339.91 38 329.40 
8 503.75 39 340.15 
9 594.88 40 40.79 
10 410.44 41 374.05 
11 420.20 42 471.30 
12 336.91 43 214.48 
13 333.42 44 399.40 
14 573.91 45 341.69 
15 344.04 46 350.16 
16 425.71 47 583.22 
17 445.08 48 299.74 
18 419.49 49 357.78 
19 400.28 50 373.22 
20 346.22 51 326.06 
21 330.44 52 505.50 
22 336.92 53 351.76 
23 606.28 54 272.32 
24 333.63 55 368.78 
25 432.96 56 375.05 
26 462.89 57 449.49 
27 345.43 58 316.21 
28 1,084.26 59 323.07 
29 364.75 60 329.67 
30 384.94 61 302.00 
31 496.71   
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STANDARDISED Z-SCORES OF COST ESTIMATES 
 
Estimator Standardised Z-Scores Estimator Standardised Z-Scores
1 -0.0579 32 0.2058
2 -0.0068 33 0.0503
3 -0.0014 34 -0.1736
4 -0.0786 35 0.0373
5 -0.0343 36 0.0479
6 0.0074 37 0.5434
7 -0.0558 38 -0.0850
8 0.3993 39 -0.0551
9 0.6524 40 -0.8867
10 0.1401 41 0.0390
11 0.1672 42 0.3092
12 -0.0641 43 -0.4042
13 -0.0738 44 0.1094
14 0.5942 45 -0.0509
15 -0.0443 46 -0.0273
16 0.1825 47 0.6201
17 0.2363 48 -0.1674
18 0.1653 49 -0.0062
19 0.1119 50 0.0367
20 -0.0383 51 -0.0943
21 -0.0821 52 0.4042
22 -0.0641 53 -0.0229
23 0.6841 54 -0.2436
24 -0.0733 55 0.0244
25 0.2027 56 0.0418
26 0.2858 57 0.2486
27 -0.0405 58 -0.1216
28 2.0118 59 -0.1026
29 0.0132 60 -0.0842
30 0.0693 61 -0.1611
31 0.3798
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CORRELATIONS OF TRAITS 
 
Figure G1: Correlation of Openness and Neuroticism 
 
 
Figure G2: Correlation of Neuroticism and Extraversion 
 
 
Figure G3: Correlation of Extraversion and Openness 
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Figure G4: Correlation of Extraversion Conscientiousness 
 
 
Figure G5: Correlation of Extraversion and Agreeableness 
 
Figure G6: Correlation of Agreeableness and Conscientiousness 
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APPENDIX G (CONT’D) 
 
 
Figure G7: Correlation of Agreeableness and Openness 
 
Figure G8: Correlation of Agreeableness and Neuroticism 
 
 
Figure G9: Correlation of Neuroticism and Openness 
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Figure G10: Correlation of Neuroticism and Agreeableness 
 
 
 
 
 
 
 
 
 
 
